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INTRODUCLLON TO REPORT UN THE
ELECTRONIC NUMERICAL INTEGRATOR aND COMPUTOR (ENIAC)

0. INTRODUCTION

The Report on the ENIAC consists of five separately bound parts, as

follows:
1) ENIAC Operating Manual
2) ENIAC Maintencnce Manual
3) Part I, Technical Description of the ENIAC
Volume I - Chapters I to VI
L) Part I, Technical Description of the ENIAC
Volume II - Chapters VII to XI

5) Part II, Technical Description of the ENIAC

Included with the QOperating Manual and Parts I and II of the Technical Descriptic
are all drawings (sce Table 0,3 below) which are required for understanding these

reports, The Maintenance Mznuel assumes access to the complete filc of ENIaC

drawings,

Part 1 of the Technical Duseription is intended for those who wi%h
to have 2 general underst~nding of how the ENIAC works, without concerning them-
selves with_the details of ihe circuits; it assumcs no knowledge of e¢lectronics
or circuit theory., Part II is intended for those who requirce a detailod under-
standing of the circuits, Its organization, to a great ¢xtent, duplicates that
éf Part I so as to make cross rufarencing between the two perts easy,

The ENIiC Qperating Manual contains a complete set of instructions

for operating the ENIAC, It includes very little explanatory matcrial, and

hence snssumes familiarity with Part I of the Techmical Description of the ENIALC,

The ENIAC Maintenance Manusl includes description of the various test units ang

procedures for testing, as well as a list of common and probable sources of
trouble, It assumes a complete understanding of the circults of the ENILC, i.e..

a knowledge of both Parts I and II of the Technical Doseription of the ENLIC.




The Report on the ENTAC and the complcte file of ENIAC drawings

constitute a campletc description and set of instructions for operation and
maintenance of the machine.. The drawings cerry a number of the form PX-n-m,

The following tables give the classification according to this numbering sysicm,

TABIIE 0.1 a
Values of Division
Il
1 General
2 Test Equipment
3 Racks and Pancls
I Trays, Cables, rdoptors, and Load Boxes
5 dccunulstors ;
6 High Speed Multiplier E
7 Function Table ;
i
8 Master Programmer j
9 Cytling Unit and Initiating Unit
10 Divider znd Square Rooter
11 Constant Transmitter
12 Printer
13 Power Supplies
TABLE 0,2
-t o
Values of =T . Sub ject
n
101-200 l Wiring Diagrams
201-300 ' Mechanieal Drawings
‘$01-400 Report Drawings
4L,01-500 Illustration Problem Sct-Ups,




The reader of this report will be primerily interested in the types
of drawings listed in the following paragraphs, A table on page L gives the
corresponding drawing number for each unit of the ENIAC.

1) Front Panel Drawings. Thesc drawings show in some detail the
switches, sockets, etc,, for each panel of each unit, They contain the
essentinl instructions for setting up a problem on the ENIWLC,

2) Front View Drawings, There is one of these drawings for each
kind of panel used in the various units of the ENIAC, These-show the relative
:position of the trays and the location of the various neon lights, Since these
drawings show the neon lights,they can be used to check the proper operation of
the various units,

3) Block Diagrams, These drawings illustrzie the logical essentinls
of the internal circuits of cach unit, That is, resistors, condensers, and |
some other clectrical details are not shownjy but complete channels {paths of
pulses or gates representing numbers or program signsls) are shown in all their
multiplicity, These drawings will be of intersst to thosc who are interested
in Parts I and II of the Techniczl Report.

L) Cross-section Diagrams, These drawings are electronically_complet
except that only one channel is shown where there is more than one, Thus, these i
drawings show every resistor and condenscr and any other electronic elemcnts . }
belonging to any circuit, These drawings will be of particular interest to
the maintenance personnel and to thosc rezding Part II of the technical report. |

5) Detail Drawings. All other drawings of the ENIAC come under \
this heading, A complete file of drawings is available at the loeaticn of the

ENTLACs. !




Table 0.3
ENIAC DRAVINGS

——

Unit Front Parnel Front View Block Diagram Cross -~ Section
e S S —
Initiating FX-9-302 PX-9-305 PX-9-307

Unit 9-302R

Cycling Unit PX-9-303
9-303R PX~9~304 PX-9-307 _

Lecunulator PX-5-301 PX-5-305 PX-5-304, PX-5-115

Multiplier PX~6-302 PX-6-309 PX-6-308 Pi~6-1124
6=302R 6-112E
6-303 '
6~303R
6~304

L | _©6J30iR

Function Table |PX-7-302 PX-7-305 PX-7-304 T PX=T-117
7-302R 7-118
7-303
2-303R

Divider and PX-10-301 PX-10-302 PX~-10-304

Sguare Rooter{ 10-301R
Constant Trans-|PX-11-302 PX-11-306 PX-11-307 PX-11-116

mitter 11-302R 11-309

11-303 (C.T. and R,
11-303R
11304
| 11-304R
Printer PX-12-301 PX~12-306 PX=12-307 PX~-12-115
12-301R
12-302
12-302R
12-303
12-303R _
Master Pro- PY-8-301 PX-8-303 PX-£-301 PX-8-102
grarmer 8-401R ' '
8-302
8=302R
Other drawings of particular interest:
Floor Plan PX=1-302 IR{ Punch and pPX-12-112
4., Wiring PX-1-303 Plugbozrd PX-12-305
IR Reader and PX-11-119 Pulse .maplifior -nd PX=4-=302
plugboard PX-11-305 Block Diogranm n-1,-301
Interconnection of Multiplier end Accumulators PX-6-311
Interconnection of Divider znd accunulators PX=-10=307




The front visw drewings and the large front panel drawings (whose
numbers do not end with "R") are bound as a nart of the Operator's Manual,
Included with the report is a folder containing all the drawings

listed in the above table uxcept the large front panel (see above) .drawings,

1, GENERAL INSTRUCTIONS FCR OPERATING PERSOINEL

1, Inform mointenance personnel immediotely of any trouble znd note
same in the log book. %

2, Oceasionally check the filament fuse indicator lights (refer to
front view drawings bound in this volume); if uny 2re out turn off the d-c power
(switch is located on a-c distribution pancl, sew PX~1-304),

3. If ENI.C shuts down from overhesting de not try to reétart; call
maintenance personnel, If &ny pansl runs consistuntly much hotter than the

others, do the sane,

4. The d=-c powsr should be turned cn only with operation switch |
(either on cycling unit or on the hand contrsl) turned to "eontinuous!, After
the d-c has been un 2 fow sceonds it may be turned to cither of the other two
positions, Failure to follow this rule causcs certoin d-c fuses to blow, =240
and =415 in particular,

5. 48 a general matter certzin units not beirg used may have their
heaters turned off, In such cases it is unnecessery to remove the d-c power or
even to turn off the d-c power when turning on thes: units, On the other hand th
three panels of the constant transmitter must be turred on or off simultaneously,

6. Do not remove zny covers, front or beck, !

7. Dc¢ not cpen d-¢ fusc¢ cuabinet with the d-e power turned on, This i

nci only exposes a person to voltage differences of around 1500 voltis but tae




person may be burned by flying pieces of molten fuse wire in case a fuse should
blow,
8, Padlocks are provided for locking the d-c power off. Lock the
power off and carry the key with you as long z2g you are working on the machine,
9, Do not remove accgmulator interconnector plugs, or functioﬂ.fable
. or IBM machine connector cables, while the d-c¢ is on., All other front pancl
plugs may be safely moved while the power is on,

10, Do not pull directly on wirec or cable; always use the plug case
as a grip,

11, Do not put sharp bends in cables or heng anything on them,

12, Do not leave cables dengling on the floor,

13, Do not pound or force plugs; if thay do not respond to steady
pressure notify maintenance personnel,

14, Do not leave IBM cable conncctors or portable function table
connectors lying out in the open, keop in the receptacles provided. Also, make
use of the ramps to protect the cables of ony such units which are connected to
the ENTAC,

15, Do not forcu any switches,

16. Keep the door to the room closed to kecp out dust, avoid stirring
up or producing dust,

17. Always move the portable function tables with care, Keep the

brakes on when not moving them,

2, PROBLEM SET UP REMARKS

2.1, NEED FOR SYSTHMALTIC CHECKS

Since the ENIAC makes use of n hicrarchy of channels (first, in that a




number of units may be carrying on cbmputations simultanecusly; second, in that
it always hondles ten to twenty digits of 2 number simultaneously; end third,
in that certain units usec 2 coded system giving four channels for cach digip)
running & standard check problem is not a sufficiunt check on the accuracy of
the rosults, Thus, in arr:nging a problem for the ENIAC provision should be
made for oceasional systomatic checks of all the units.

Procedurcs fof systematic checking are described in some detail in
the maintenanee manuzl, Brief procedurcs will be oublinad here for the numerical
units, The following test procedurcs arc not comprchensive tests and the ex-
perienced operator will perhaps use varictions of them, In particular, the
tests ziven below are not designed to check the operztion of the various program
controls. However, they zrc designed to check the numericzl eircuits in each
unit and to a considerable extent check the program control used to carry out
the tust,

2.2. TESTING AN ACCUMULLTOR

Crrds should be prep;red a8 follows:
i, P 11111 11111
2. P 00000 00001
The numbers should b2 so placcd on a card that onc groyp in the constznt trans-

mitter, say A _, corresponds to these numbers, HNuxt, ¢ master programmer stepper

IR
should be uscd to transmit the first number into the accurml-tors which are to
be tested oighteen times, &t this time the acecumulators should read
M 99999 99998
and all stages of cach decade have been chucked zs well. as the delazyed carry-over

circuits, How th: stepper (used a2tove) should cause the reader to read the next

card and the nunber to bz trznsmitted to the zccumulators twice, This should




give
P 00000 00000

end checks the direct carry-over circuits, Note that this test assumes that
the significant figure switch is set‘to non, If this is not so the operator
can nodify the above procsdure to take carc of this.

This test does not check ths following circuits (for & complete check—
ing procedure see the mzintcnance menuel):

Transmission circuits

Clearing circuits
Repeater ring

2.3. TLSTING THE MULTIPLIER
The following set of cards should bc prepared,

Input channels (except for the one used)
Progrzm controls (cxcept for the one used)

_Card Mg;&i%;}eq Multiplicand
say) B (s27)

1 P 00000 00000 P 11111 11111
2 P 11111 11111 P 11111 11111
3 P 11111 11111 P 22222 22222

ERL R I I R R B A R I I B Y R B BRSPS A R AR N A N B I R I R I R N R I P I AL BB B B R L

10 ‘P 11111 11111 P 99999 99999
11 P 22222 22222 P 11111 11111
12 P 22222 22222 P 22222 22222
82 P 99999 99999 P 99999 99999
83 ) - IP 11111 11111 M 11111 11111
84 M 11111 11111 P 11111 11111
85 M 11111 11111 i 11111 11111



On a second sc¢t of cards, or on these same cards in different ficlds
the proper answers should be punched, Note that thgse answers will depend upon
when ten or twenty digit products are used, that is, whether the product
accunulators are used as ten or twenty dizit accurmulators,

There are two methods of using these ecards to check the numerical
¢ircuits of the multiplicr, One is to have the answer on the same card and
arrange for its transmission to the product accumulators with its sign changed
(or the sign of one of the factors may be changed). In this casc the whole
sequence of cards in run and the presence of "zero" in the éroduct accumulgtors
indicates (with high probability since therc conld be compensating crrors) that
the numeriqal cireuits are all right,

| A& sccond methad is to run the test and czuse the snswers to be punched
on other cards, Thcese results may then be compared with standard answers by
use of the reproducing punch,
This procédure does nct check the following:
Rounding off circuits

Progrem controls. (other than the one used),

2.4, TO TEST A FUNCTION TABLE

An accumulator is used to build up the argument, A progran conirol
on the function table has its function switch sct to "-2" and a second switch
has its argument set to M+20,

The programming is so arranged thut the "-2" program is activatcd and
the output sent to an accumulator associnted with the printer, The result is

punched on a card, "one" is added to the argument, and the process repeated,
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The master programmer crn be used to repeat the "~2" program 96 tiwmes and then
51ternatcly activate the "=2" and the "+2" progrem four more timee, (Or
various other schemes may be devised to obtain all 104 entries to the function
table,) The cards punched in this monner czn then be compared with a standard
deek,

Notz that the sbove check is not a systematic chock of the numerical

circuits as a whole, In other words this check should be repcated if any switches

on the portable toblc (or on pancl No, 2) are changed,
Furthermore, the above procedure docs not check the various program

controls of the function table,

2,5 TO TEST THE DIVIDER AND SQUARE ROOTER

The divider and square rooter can test be checked by performing test
division prcblenms and square root problems, Drawing PX-10-111 gives the neans
which should be lit at voerious places in the process, The operctor can check

against this by going through the problem at cne addition time,

2.6, CONSTANT TRANSMITTER TEST PROCEDURE .

The 1; 2, 2', 4 channels in the constant transmitter can 21l be checked

simultaneously by reading cards with nine punches sn thea., Since it is un-

desirable that the same number be punched in all eolumns of ¢ cord (this weakens

a card increasing the probobility of "jamming" in the feading mechardsm of the
IBM nachines) it is suggested that cards be orepared os follows,
1 i o i g
1) 9's in groups App 3nd Brp
2) 9's in groups Cg nd Dpp

i % E :
3) 9's in groups g 3d F o
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4) 9's in groups G._ and H
IR Ik

5) Four morc cards siniler to above but with minus punches,

The programming should be arranged sc that the numbers are transcitted
into accunulators when they can be inspected visually ér perhaps punched on other
cerds and compared with a standard deck using the reproducing puncﬂ.

Note thet Jyp end Kjp should be checked in o similar nanner, (Thuse
only need be che;ked for the nunmbers used in the sct-up provided they are re-
checked any time that some of the switeh scttings are ehanged,)

This procedure dees not check all th: program controls,

2,7. PLRINTER TEST PROCEDURE

The printer can be tested by causing 211 possible digits in each
channel to be nunched and by checking thz PM delays, The following eards shceuld
be prepared,

1) P 01234 56789
2) P 11111 11101
3) P 11111 11011
10) P 01111 1i111l
11) P 11111 11111

The prograrming should be arranged to czuse the numbers on the test
~eards to be read by the IBM reader, trensmitted to the printing accunulators, and
the result punched, The resulting cards may be compared with a standard deck by‘
use of the reproducing punch,

Card ﬁumbnr one has the numbers O tc $§ nunched in it to provent the

same digit from being punched all aecross a carde
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If any decades cf the master progremmer are used in printing they
may be checked at this time by transmitting the prugram pulse (used to activate
the above sequence) into each decade dircet input,

This constitutes a complete test of the nrinter, i

2.8, TESTING FOR TRAKSIENT FAILURES

= A —

If transient failures are suspected = mastszr prograzmmer stepper should
be used tou repeat the appropriate test (such as cne of those above) a large
nunber of times,

In case of an accumulator this can be done using only one card (say, |
P 99999 99999) and using a second program control set to aC (receive on a =nd
coerrect) to obtain the onc pulsc in the units deczde,

For the multiplicr it becomes neeessary to punch the znswers on the
cards with the factors (se¢ 2,3) and ceuse thiese to be transmitted to the
product accumulators for ezch multiplicatisn, If more than ten digit answers
are used the adjusted answer to card 83 must ba carefully prepared in order to
get minus the answer from the cmstant transmitter to the product accumulators
(since the constant trznsmitter only compleisents ot nst ten digits et 2 time), ?

'Repetition of a function teble test is straight forward. It may be

woerth while to receive into 2 twenty digiﬁ secumuletor and repeat the transmission
th times, say, and see if the proper number is cbtained, ;
The squarz root «f zero is perhaps the easiest test to repeat on the

divider-square rooter,

The constant transmitter can be caused to trznsmit any group repeatedly

to some acecwmlator, Dust particles may cause transicnt relay failures so zvoid

stirring up dust in the ENL.C room. sls>, if any relay case is removed, always
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replace in exactly the same position in order not t» disturb dust inside the

case, h

Transient failures in the printer zrc probably relay failures, Sze

nointenance manual for list of probable failures,
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2] Opermticn switeh
J Clamrecorru=t swivch
E| associsked receiver (Far aeim Rilhs sse PRS-505)

Heywar progrem soobrgls 5=i2.

Thyss npapats for o wdditioar rimas, whars n Lr the safting of tha rapeyt awiteh.

Enth eont ol conelats of
1% Progree pulss iepub tammine) [whes stimulatsd with progran pulae 25uaeE Progoal contrel ta progrem nperseting
1n macondsnca With ies switch et

) b 120

Trogesm pulse catput tamainale far

Sepast prugrem controls Gel?
raspectivelye

Pragras pulae nitput terminal (solts program pulas at and of nth sddition Siow)

2
3! usertion switen

U] Ciaar-gorreat seiten

5} Sapont ewiteh

&} Avmocistad trenscalwer (For haom bulte res Ei-5-305)

fosrstion switches spd Clsar-cerrest gwisches:

1] H
Thsde opdrutn tagethaf in the (ollowiny menner:

a5 man . f tLe aslectlive cleac Inpuie nf the fritiatisg unie,

* progran pules i trenaxitied

trh deterninea whick decpds [iF 3r¥) 13 clumred te 5 inatezd of & wheoaver 1he BEAUPM=
& wnd on whisk iine tae subtcest pulse 1a trensmiitsd on B mubtrart trazamlaslop.
1% does nnt goveyn the daistlm nf neneaighiCiemat digitr; thin Bust Be done WY ewdas oF dilstera
{PZ-1-209] \Wban tha cxileh Le rel ta ry dolatear nurher mishanid be uned, ete,)

IF the switsh o 3ot o 0y, decade 10== {counting from the right) Is alenred ta 5, an2 the
webf~ael pulee L5 irmpamittad an dlpit Tioe Yem,

Wheu » [0 decads aecunu)otor is formed, the twn significont TiZure Swilchexr sra tc ba 3w ed as

A} Wher. ¥ or Jues 3lgnificaet figures are desipwd, the 1a?? hEnd switch ks sst to the nusber

act figures ary domired, the 1af* wand switch is set to 17 sad vha
Tight hendd awitell wat an thmt the cua of the two mwlteh Tondlngs egunle the nisber of wlan|Flegat

£x T
“tach Ful* h povoras the numisf of sd2lflon Lioes iTs reprst prograa cootrol spereten,

upsreiion progrivmed by.

dlesr—sarre=t syiteh 3f
EED)

A ¢nrrect pulas {an inta~—
nrally swted 1! pylma) t»
phazed Ln the upits Ascade
ut pach ndditign tims,

L"’tl awiteh Operaticn progrimsed
Adttiag’ by spurstion awiteh
o Hareles o2 ol digit terminnl
r Heralve or A diglt caminal
Y secaive oo ¥ dlgit tatmine]
¥ Yeswlws am § Atk terminm]
& Mernive na £ ALg1% teminel
a Nething
A Trensrit om mid ALgIE sutmit TaTRirat
Ad Trenseit on bath sdd wnd pubtrest riott
mi"aur termieel
a8 Trenamit on subtraet diglh sutput te-mpinsl

Che mocuro]etor 10 elenred
ay the end of the 1ust wids
Itien tire of SRe 3rgrax,
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Kulbislier Atoa
Qlear Switel

o o o
or (ODon || wiow sew
~raTiFLER
o1

I e
3

e e

Multinlier secuptistor Clear Switch -
Thig govarnad the clesring of the multipiisr ace, by méany of the ll.-_he cable running imto
the maltipliar afa. PM plug=in unit. If Chim Siteh da vt on £, 409 multiplier ir clesred
during tha last additien timé of the multiplisstida,

Multiplfer Scouryl wtor Recaiwe switch

WhmnEVAF & PTOSrm pulry iz recsived om & program imput teminosl of m given proprsa asatral,
n pulen in Lreksdintely smitted fram Befw g, or col t all, sccordimgly &+ the sultipitar asc,
funotion u'ﬂ'uﬁrﬁ!'! program contral is sst onot—4 , er p reepertively, Theas pulasa mey
b used To esude the PulSipliar ace, to receive the multipllor during the next ndditlon tlee by
baving ihen tranmittad to proparly set multiplier asa. progrwm oontrvis, i.e. by commnciing
daf= ligte five program pulss lopots of the multiplier ace. (#9) snd rettiag tha correspomding
apervtion switolss to recaive ot f = & reapectively.

It th %0 A mn& m:'i_l._l_ 2% sultiplier progrim contyols cause pulaer to ba smitted on dg-Re
o that only Five muiltiplier scc, progrim comkrols srs Tequired to receivs all 2% moltipliere,

nitipliempd Aca,

lear Switoh

Thmter of the program
zontrol to which the swisahes
in a given aplukn baiomg end
to whinh tha corresnoadieg
nusbared progrim iaput aod
program output tarminala be=
l1ang.

BultApldcend gl sdor Jlear Switeh

This vporates the Gnes de the mudtiplier me¢, cleml awitth szcept that it goverme the
vlesring of the mnitiplicend uce.

ez &5 5 &3 3]
17 s |2 7 s 13 3 ||% « IS5 7 ] Iltsplicand Accumilutor ecsive Switoh
’ 3 s 3 ] L] vl e |3
9 |3 L ] lIJ 9 a 9 2 . [ ] Thin *5i.-tions the sans &5 the cultiplisr sgf. receiws switch except that 1t glws oul
] . SFF L] [ red PRI 5 1
¥ mrﬁ"l G ! progres .. on tetminels Dafto Dg spd way ba uped with the mltiplicssd scc. [#10).
W [ 3 &7 567 5 &7 'ms._,’ sléniricest ©orire Switsh
- 8 ] + - ] 4 8
31@1 IZZ' 3 ’J 3 9 5@' Mtiplled Tlaces Switeh
° 0 0 e P P lploF slacey Stk

PR o ™k 59 e N

e e

Product Dinpossl Switeh -

sl 1rs| (sl sl r|| warh| iors| ionk
YD)

Twwminale 14, 2i,00.03,80
Pulss input tarminels for progias dontrals
1- ragpuctively.

0®oc,®o 06303690 @o 06330 o@ot@o o .0- ‘@)

LR TS
lvmiywith 4.9, ¥V, §,€ "o the BY multipllier”
sccwmnl s¥er funckion switches,

Zhm Jurmi - D4

Frogram pulse nuluut terminels assaelsted rospae—
tively with £, 9,7, 8. & o0 the 2V mltiplicend
areunmlstor funetion switchas.

Terminnls 16, 28 4uues
Prograh pilid output tsmmiselp (nr progrea sontrole
1=24 rospectively.

Thars sve 2% multiplier progres costrela, wueh consisting of

1) Progrem-pulds impat tarminal {shen Aticuleied with arearen pULAc coulss ArosTim Sontrol te
program multipl iontios ia wreordaner with it awlteh rottings].

2) Progron pulse cytput tewwinnl (smitr prozrves tulse on roRplatlon of maltiplloaticn).

3) multiplier maa, receive switeh

4) wulsiplise mee, clesr awitch

51 wultlplieacd mec, Tucalva switch

6] multipiicend mog, alwerT swhtch

7] TFignificaat figuresr mwitoh

£] Places awitoh

9} Produst dispossl awhtch
1 Amsocisted tr

anribad on thir drawiag

Deserided AR Ii=Ge309

Imaurived cn FA=5=A0%
For aecn Bwlhe sam T3=5=309

The high=apesd multipilser apsretes in comjurstion with four or 31x agancisted mccurmlavors. Theia sIv the
auitiplier e, [(#3), the mltiplicesd ace. [#10}, the 1aft-band pertlel products ace. [F11 and gor
baps #2.2) wnd the Tighteband products aca, [#13 and srewnps #£14).  Yor b dlagrem showing the {oter-
Acanectiona of the bige-speod roiltiplier with itn m=socisted scouwilatons s 1.
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Siguiticany Tigures Switch

Thin switch may ba upsd to give m warisble roundeoff; 1,s., & product mkieh is roundsd off in a
Aifferent plage for wach prograx controle Thim swikad governs tha additicn of 5 pulses lato ihe
propyr plsce of the laft-besd product secc, [#lI, 12} during tha sasond sdditios tiss of the multy-
plisation,

1t does mot edatrul the dmlstios of the ooa=significant digits of the produch xor the plmajag
of the subtract pulme in the proper chaposl of the product o3 @ gubimet trapsmjssion, Sinos shase
Tary with tha sstting of the aigaificent figuras gwitch, they must be takes curs of at tha accumilator
which pecaivep ths product, Hapcs im emssr whare swvery praduct is to bs rousded-off to the smes
number nf places, Lt is best to use the Trumd-aff fasilities of ths right-hand prodyct ace, (18, 1N).

Plates Switah
H ‘This governs tha mumber of ylaces of the multiplisr thet 7w to be wssd In the sultipliestics,
! .ty a. oy L) ® s"& ana = " A A Tho sultiplisr figlta mra ussd £rem laft to TAght, 50 thet the mont sigmificens dlgits sre used Firsk.
“ % x $ w N ® ] = X $ LA The plasss refarred t& ars the pleces of the multiplisr soc, countad from the left.
A [ ] AL A mt! » AL L} L3 L] e A ~t The places awitch ia completely indwpendsst of the sigoificant Clisures switeh, Tue resson for

thie 13 shat all digite of the multiplicand sra used in the multiplication process, The cEly purpors
of the plezan vwiteh is tn fnwr “lEs,

208608800808 88 BE

Tint sohoduly for mutiplismtios

A pultiptieation rwquirss Crom 6 t¢ 1 sddicicn Simes [depspding upmm tha setting of the
places nritch| Locluding the tire raguired for receiving the wultiplier and oultiplisnnd, dut
nm ineludiog the time required for Alsposal nf the produrt.

Additics time Uperwiion
Imgr- lnpln pulss recoivad 2t wnd of Oth
eddttion time)

1 Multiplisy snd mu)iinlizand ressived
2 Five rouci-off puldiss tfamanittud to loft-hand product sco. (#11, 1)
] ultinlioand we tiplisd by firet place {10tk decnds] of multiplier
and laft wnd right bsmd cooprosnts transmitied to left mnd right hand
- product &g,
Fe2 This 38 continued up to W p4 M cddition timw, whers § metting of
plagea gwiteh R
p¥#1 Gogplaesnt norrections are mmds when necessary.
prb Atcwwilated left hand produsts are added inko necwnlsted right hamd MOORE SCHNOOL OF ELECTRICAL ENGINEERING
to.
[Progren cutput pulse and Temr Siupasl pulmeramived at and of p+lth sdattion ies) UNIVERSITY OF PENNSYLVANIA
‘ MGH-SPEED MUTIPLIER FRONT PANEL NO.2
MATERIAL 1 Fibor - et
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Importast nnte Suklornity the partinl producta dight oueput Terminale

Theat tArminnls aTe tn bo semi-permusnently connactsd to the & diglt inpux {wes nota on 1,7)

of the product sccusiletern (F11, LT, 13, J4j by tTays oF cablzb it uaed for sny other o8, o lomd Bozmy sye ta
M used, T 4iglt pulséa smitted froz Sheos tAmminels W™ hot suppliel from mm T from Invorver Tubes whith
ronasctad In parmdlel with emything «1se sad wiich huva thair ome resistons. a the & diglt input teminals
Wmm«v BCCURLIAteTe camnot be used for Perelving ANy OEROr KUBTH,

U shiftarn or deisters arm to bm used, Aceusaletors 11 wnd 12 snd wcewmilatops 17 snd A4 sew paired whan nore
then olght plazes 43 devirad in the product.

Thb losd ©n thess ULPULE pmat B kept a0 sall an 1831 mAthnd ~f o on ARt

Lo, Fl By snacinl rable to ntsusulator 1.
ol 2 Uy #mort cakls o Trhy [Only ek tny;. snd short emble to Actmilstor 12,

KiK. #1 By special omblos ta Atcusulstor 13. -

B # 2 3inilar to 1. #2 sod fecumdstor 19, Sew ulse Amwing PA-6-21L
Digit Jutput Temminale for Partisl Products

nearen o T

T o o T ) °
Awx ) o A ofar Qyom "'."“.m"'mn

o Ly

(s

éota,‘té, Ej’g

D0, Q@o@o@@;@ [2X2)

Terminals AesST Tormimals W, I, #
= Frogrem cutpot tyreinels sasocisted T Progrem pulss muut termisels for tranwmitties puleec umsd i the
raspastively with A, £, A8, AD, 8G, programing of enth Mmltifplicatscn:

ASC, on produet disposal switoh,
DS = j progrem pulss im enitisd st The end oF tha pp2d wddition Sime
AC the pultiplisr is negative. Semi-poreansst gomnections must b
eatshlished wo that this pulss programs the multipliomnd méc. to trwns=
mit subtrach mnd the rhght hand produss T(#13) e 1

K =~ A progrem pulan Is saaltted at the end of the p42d addition time
Af the multiplicacd is pegutive, Semi-prknest schmections oust b
antablished mo that this puiss progremd the multipllier sas. {#9) to
4ranapit subtraot smd the laft hood purtial preducts sea. l [#11) to
receive,

T = A progrem pulss in eaitted At she sad 0F the p4M alditiem time.
Smhl-peTeAnapt connsctioms must be sstablighed an thiat thir pules
grams the lert hanl partisl products monumslator (1, 12] ¢4 branemde
ndd [Without shifring) and alesr snd progrann the right hand prmduct
socursslater (913, 1) to Tecwiva, or vice-vorss,

muol#‘:-mrﬁ Seliemt ffar cutput lines. Tespm ere to douned to
PrOgGInE the product ace, to reualwe tbo pArtial produeta, The following
ragi-parmanent commections ars 1o b satahlichod,
1, 1 is ta ba romnectad vin mge. fotarcounmstar owbla I.-Il-‘l-t.,
(T2=5=231) Lato the intereonmestor tarmimnis T,y and I
laft=hand partiol produnkn sco, I {#11], Tas & dlgit l'!pnl
tar=inal 15 to be used *o macalve the pariiel produnts,
'« T 4n %0 ba almilarly ronnected into right=hind produat aceusu-
Inmtor T {#13). Lilwwise, themg 41g1t Anput teminal 1s ta be
uged tn reesiws tha pertial producta,

Frodust disposal switch

This switoh opayatas {m comjusetion with progiam palss outvut varminals A fhrough ASC end
provides progrwm fucilities for the dispowsl of all PA products using st mont € pragrem soutrols
of tha Tightehaki produet nccwmlesor (#13, M),

At tha end of the p4Yth sddition time [i.n., at the sume tims mm the program outpat pulse
1a emitted) ® program puled 38 wmisted from A=;3C socording to the matting of \bs product dispoml
awitch of the progrsa control

San|-pemanent cornsatioss mey bu #uteblisked By donmecting A thrvwgh ASC to alx program
pulss inputr of the rlnl.-hnld pnﬂn:! moe, (F19, 14 wmd lﬂnu the corrasponding oparacion
switchas mpd e) O A=ASC, THE PPOErER GcAtrol nutput puled may
e ukmd to stirulate that unic eof n.- ll-'t.w woich 14 to receive the tramsultted product,
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Tuese Travs To Bz Useo Oy To

Carny Tue PramiaL Prosucts =2 _—2

No Loap Boxzes Aue To Be
Useo On Tese Lines

Ano Fon NoOTuen Purpest F‘-—-// “““““ Al |
i' ] ! : i
Hign -|{ Sreep HULTlnlsEllj U K lﬂ'ﬂ ﬂgfﬂ qzﬂgiﬂ.ﬂ.ﬂ.ﬂ.ﬂgu 1[l]m D D g n--u- .E.mm
. Panec®) Fanec"2 Panei®) -Ed‘“ N 0o I’:':EMFL::“ﬂ m ALs ofy0 lrﬂ?:ltbmr":-min
‘. o] o] o] o] o] o s nl W 5] ¥ 9|
e T il 1]
[ lu.é.é.n.c.u- .l.oi LX-[] os | Ji_ il L o ﬂ.'ﬂ o °°.n°.=.n- ‘. 1' I ]J
' [

Sex PA-5-13lp

NoTe— WomizowTaL Lines Aneve Twe Univs Pevmissny Diair Tanrs.
THE Dorren Lings REsnosewr Taars Wrisn NEeo Be Usep
Owey When 20 Diat Propvers ARe Fouwp.
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Angaent input tersino

Thim Input is open Tap recsption of tik tim=dlgit armment duriag the 2nd sdditiom
tims of opurativa, The wnite plaza 4 poesived oo Jigw I, Lhe cann plage nn llne 2,
Sniftera |no-4=104} skould be used In 4ite trrwdnol to ehift thy, argiemoe 17 it Aoms
fruo athdr decadad vhan the 5 Ind oth, ‘Pho nthsr 13ges of thie Sominal Are wncom=
macted, 22 & deleser b9 Aot ddquliead,

a Tua acracalator shleh kfoeintis the anguesnt pay ba progewred Croo tessinale G

and Ca

Thn functinn . ¢1f mutimiifelly rleers 1t SEQALMARL mt the end ¢* asch opaTatifn,

Ther= ure rlewen progois ¢oAtTolin of #n2b fusoctice babla, Each progrem coatrsl coasists of &
program pulss (npit tsrminsl {which, whn stimletsd with & Progrsm gulss, caussy the Drogras
control to progrem the looking wp of n  function Talus), & progrsc pulss outpul terminsl |whish
amlts & pulse o0 completion of the apermtion}, the thres switchas descrived below, =nd mo msrocisted
transoeiver (0T reom bulbe sne WET-1053.

Argamat reception switeh
This switeh oporaten In gonjumetlon with progrws pulse wuiput tosulsels HC and 3 and ey be
TR - o lat to it the

8 p 3 =
At the wnd 27 the Lut sddition tims & progrem pules 1% smitied from € or £ 1f thie switch in
%ot on KC oF & resusdiivaly, Seml-psrwnent oogpactions say be sateblished by conmasting KC el
¢ to program input of tha Snd anttisg the corresponding ration
switches to traramlt and trenemlt-and clear reapactively.

gparation switsh

This switeh detérminer whather the functlon value [add) or ite complemast [subtrmot} i’ traoe-
m=itTad, "

It also detemices whether tus functica valus of the Argument rwialmd, or tha funttion walus of
<8¢ of tha Reighboring a-guments, 1s trunsmitted. Thur pemiticas-2, =1, o, 41,742 giw-ria-2),
fla=1], t(s), f{a41), £{né¢ 2] respeotivaly, whara a i ths aTgumnt,

Operation repaat wwiteh
This mritel determines the numbar of tlmse the fupo¥ior velue 1% tremsmitted,

Fote that 4 sddition simes ave required for the funrticn tabla o wet up) Teceive the Wrgusam,
att, Thiz loas of time muat be talwn sccount of I progremning thA sccumyistnr shieh receives Eha
valua of the function. Thus If hat sccusulutor Is prograswd with the same pulse that progress
the funcilon teble with 1td repest switch sst to 9, it aould recelwn the velus of the Musotivh oaly

|
1 _oflle _oelf3 _ol|l4 _oll5 _o
HOURE
.3 NC W N NC
— O o4 a o4 O
oﬂlel.'lﬂu DJ‘-Z'!d- N’_l-ttqlll Il‘lcl'! - jos_ 202 ﬂ”-l'l |
MelLL L) L] [ ] o L] L] o
- 4 -l - -1 - - =) -“ Q’ -4
< a -~ . - - E
a5, 4549 +Bq oy
3 a 7 F] '] 3 » a 1]
CAVACARAE
9 [ b 1] [] u
— o]
KP?.M- '
g
6 ol 7 oll & . i Feaaace
g o] g x Funcrien Tema]
[
uu_..g-a.'m nldnli‘!l .u".' .‘ﬂ ﬂ.l.g-g o
[ a o - . [ -]
- A -, - qﬂd
ﬁ 2 = 2 s 2
«3s LR Y +«5e
3 ) 3 7
AV ARS
.
: : = S o
Q Q
‘ @ (22) (2) (29) 5 times,
0~ 9 o= >
[SXTRCAC]
(=] (v] (+]
Tomyineis 1 20,....1id Tormimal NC
Prosman pulfé Lnaat tamwipalw for pengran controls =11 respsctiwvely TTogrem pulae Quiput terminal wasoe
olnted with N on st Twoapiica

ralaais 10 , 20 .r.. 010 . witche '
Tinals for pm canteals 1=11 . 251 vely
Progoaa pulae gutsul e pgrE 3P4 . .
Frapma pules oatput tarainal sste=
elated with C "0 argumest Fecaption
witoh,

Tisa S:hudale for Punation Teble
Mdtvion tuse Speratim

(rrograr foput pulas peselwed at and of Oth ajitvkon tim)

1 slroslye rat up
2 Argmamt manived
1 ATguwnat nodifiad by the edditiss of 0 to U pulrss.
At LHih pulce time paetahie fuactico Takle starke ~
2 Wt up-
[} Sweetion table Tirtahus astting up
5 yalus 37 fuaction srenoeltsed

skt s 18 comtlsuad up te he Teloh
et b rapasl Bwitsi

¢ 1= the sseting of tic

{irmgoes outgut salbiad FUoend of T4Mn stiition tine)
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Sunetjon dutpuyt tevmisals

The diglt pulses Teprasscting the walud of the fonation nrs traneaitted feox thess teywinels, &

ayonaction tabls snposrs haive, Theoe bermicAls are bo b= annuestad Ro the digit trunke (treys)’
{sex . Y=7=305F by the digit cables for triommi#sicn of the fusetion velus to saothar urit nf the THIAC.
I Ls tn b nnted thet the divielon of the wight couftact dight switehaa and the 12 futtion teble
. antries Inta the prounn & ARt 7§ Was A3 ATRILCATY ond, Bnd bY means of Apactal Sdenfora [FX=4=110) thoss
can be Fupsaupsd in wny meonar,

mminal B

Ground
2 L
wonsteat alzly wwitch 9

11
10 |Billicns plans)

| Vioutar At get tokes — ] C— thon cutput " e F1 Erartant Aigit awlten A2 Zoneton ::::: :::::: ::
I 2 7 m“nt dizit awitab A1 Constant Mall ewitaeh B .
l P M M B btruat pulaw swlizn AlG [Bubtreet pulsa smlcoh B)P
Amf 2 L T z |Subtruot pulse wwlioh &7 |Subtraat culse awitck P9
Subtract pulss dwiteh AF |avbtzuce pulas mwiteh
1 {ondreds Plune} Subtruot pules wwitch A7 23K awiter B7
2 {Tenn Plaee] Jsubtraot pules mwitoh A6 swie~n 26
e} 1 {Galte 2laga) |subtract puise switen a5 ruiteh 55
Al o (A2 G nm||A3 pouse| | A4 pur
n O oN on U w N
consusr <ouTIAM cussmon zm& 3
& 3 L e
sz || s || s || 5 o Dhalk de)etn nwfich
2 ° » 2 - > - Wien the Aigit dnlata awiteh Lk fet tu dclets the zonstent olglh ewitch Is dismomssctad from |ts
le " T . " MOURE function ootput teminal, ntharwiee 3 15 left conmsctad,
~ o i o e o p "!Em o] O o it 3124t which &% comAtact for mil the values of s function mey ba met up om the eonshant 4ig(t
L
B84 aun || B2 iy | B3 ww| | Bg o ousn e AL Shewe wmitehes wre sat to FML ur M2, the outputs of the corraspundlng mantsr &M seltehss ore
(J“ Zad through thess wwitehar t6 the output Asmalnali, Thie Featurs is uzed sham soma of tha loft hamd pluser
Oﬂll oo« oN O oN uur! O 9t & functifo ¥ith both paritive and negatiwe valuss sre zaroa; thess switches then Nupply 3evas wheo the
L CoNITI COMSIINT CONSTANT ICONSTAME 4 L.;u;:;:tld “.u.lr is w‘utuu ;’ mimuts wisc the tragahitse=d nusber is negroiwe, Fhus avolding the use
_B.M. PR PR s 565 5 & of shifters ot the resniving terwisals,
? 7 T 4 :
Plug a@. 3 [] a@g 3@. HEATLRS
* [ 2 21|t » ofr () on
o i : Ol o
constent digdt awitch
. A [)
( j d_ Cuhtract pulre owitet i
A la] S G P SUBLTRAT trinimit thess twitoker Fesd & mibtrset pulss onbo shair corresponiing function sutput
ta~ilral lipex AF thoy a= sot to 5. Thus ths mriteh corraspording to the umils digit of the funchion
’mud ba st &0 §; the otlers [weding oxto the snms diplt trosk ahould be set to 4
Gampls Tow of mwitohsc om DoTtablc funetion twble showing »'mewsotion to Munction ouipnt taratnals,
Terminal A Temminal B
—
—] N 44 5, 07 4 " AE
=l RN 6 137 RN . 8 [
Wy il P 3 n‘ (o
ru N NN N P n

an _uns ilus 5 Line 4 Line * Lfoe 2 Iine 1 Zdne & Line 5 Line W jinn 3 Lina 2 Lios 1 2 -

¥or m poaitive puaber, Fui P to P Bnd set the nusker on tha swiiches,
Tor m nagative mumbsr, met MY to i an seb the complemant of the mamber with ranpeet tn 1o .
on the switches, '
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Wumcur of the |u.'nn-ll—._1
eantrol o whish the
mwitch and puiss :e
inals in = given

belang.

Disgran Showlog Jeni-peppaneat COnMMCtions tu be ade Dotweed ividerDougmeiiCAer snd itu gzpociwtsd gecupiletors

—

ﬁnnnnnq. Juuuun%\ aono I:II:II:II:II:II:ll:ll
[ D D 1]

sstipwr | I ST Ace X

ML (%) 5) w.“m“ Ilug;c]r. (’l)

{In dividing the (The nuesrater of Queostivy to be
quotlent im bull? aquers=rontrd 45 %o e plecad
up here. Thia sae, hars,)

is oot umsd in

Jquare-rookisg,)

(In dividing the denomimmtar
iz to b plaesd Lare, In
aqua™ rdoting twice the
mquars root 13 BIIT wp here.)

MHotan nn omblas:

A) hocunulatur iater omlile § 1t L]
E (0] Acc, iaterconmector embls [dsnom.S.R.} (BZ-5=13£}
k-1 iE) a7f. 1ptaTroscector cable (ehift! |F; 195)
4 «(D] 3vundard dlglh ewdle, with sAeprers {dividar] (PX-$-11V) plugzed lwte progrss Terminal.
4

(E) dtandsrd dipit cohle, with sdeptera (divider} [FT-4=11M) plugzswd into program tsmminsl,

F] Acd, intarconnactor cable (divider) (PE-5-:27})

a) ;:\Illk £t tranmit “‘:: Fulmas Tor guotisct and square Feot,

48 Trunk im pot Ro usad for athor minow tha pulsep smitted are wot 1ind

Iros trepamittiTa Bt Irom Inwertar % be connacted in pexallel with ::::nu
ulsw, Tis3s inverters bawe their owe losd TesiefoTS, ¢ 1o loud box Ia to be used in eowssotioh
with

{X] Standard diglt trurk (with loed bok) using 4l shifter is of input of the sbift scewulutor,

(1) Standand digit trunk ¢raoefer [with lowd hox),

e diglt tray

Thaze B sight divider squars vouter progeea controls, rach eonalating of s program pulas inpat teeminel |whied,
WA atimuleted with a progran pulse, oeudss the prosrmn cousinl to program sn cperstion , im w2ceidante with Ate
switoh dvttingi}, = prugram pulsa cutput tarmipal [wilcrh emlts & progres pulss oo caapleatios of the operetion,
ingluding intarincking) the 4lght switches denoribed below, and S mssdc lated truosceiwer |for oman bulba ses
PE=10=302]4

HOURS

Tuperator LSlaar gisch
This governd the cloa™ing of the remminds= by miscs of the mtatlo cabla minning lsto the mumeTelor sceummlator

P plug=in unit. Lf this rwitch 45 =% on €, the mmarator sccumilstsr is clsursd of its racyinder durlng tha lant
widition timw of the divising or square rogt.

Ator Gseir Swiigh
When sebi-pAtmansat corrvcticos ere oade, this switch programs tha DURSTETOr &coupMlator to rabeivn on the of
wrd ‘ dight luput tezminaly during the first 4ddition tims of the dlviding or squsre=rooting,

scewgletor Cleer GWiish
‘::u switoh operutes the aww a2 the numeretor sacusulator clear swites szcept thel it gevaray the oleariog

of

mominat. t jeagpulstor [laceive
Whrn ssm)-pavemusut goanectlods are mide, this awitoh progearm the densalastor sod square roct wecumiletor ta
Tecolve ou R of mod F Aiglt ioput temmdesls during the fiyst addition time of the dividing ar square=rootiss,

Round-QI( gwitah
When sat to RO Ahim meitzh csursn the amswer to be rounded off i the lust plare,

Wote: Zven whan the susber (s) cpersted on are much B2 £0 give wn exect moswar this Ewitch sust bs sst to B to giw
iha correct Answr,

yideegouace-pont wnd Places etk

B B kb & ®

0 @’ O~ 3
%@ Ve VLY e @

This eh felegts whieh procdrs e carrisd out and the nusder of places [rdunting from the 10th decadn, 1.0,

the ¥ichest plass) of he andwer,

Hoter The digit answer outhit taymimal 1s @0 wired thst the anwwer 1a buile up starting in the 9th decads {counting
from the right)., TYor ordinary ¢perstion the cumerator {or nusher t5 b focted) snd denomimator should ba plsraq
30 thit thare & 0 lp the IOth dscade of thelir weeumdlutors, I the fumber to Be rooted bas AR odd (ewsn)
cughar of piaces to the 1sft of the dmcissl polut Lt should be placad go thmt the left-hamd digit iv i3 sn cdq
(#ves) pumbared dezads, Himce the soswer will bavs =t least opd plaos lets than the sotting of the places
awitah,

-‘Et-rlnek Pritch
This awiteh 13 ummd in earried o= atmultas=-usly with the divj-
41%a or ajuaresroot Llog,.
Avirigh divigiao (in whick thore L3 & Zern in tha 10%h deomds [ fhs answar
tukes 13p Bddition times, whare p i the sstting of the places awitci,
if ictmrlocking ir utsd, mnd the interlnck pulse arrives wfter the oreratiou has beer toaplated, B DESITRM 45w
Put pulse in smivtad diring the sdcond mtt1vi0a tlne followln},

Answer Bisgesai
Thie rwitsh ooy be ysed Lo progren tranemiesion of the quotient or twics the squore-roct during ths first
ndiitior tiome fnllowing tha completion of tha sparmticc. Tha progvmm concrol suvtput pulss will theo be used tg
stlmisty that unit of the KNIAC which iw to receive tha mmdwer,

another of ar gt of

S28hualatsr] or squeves=rocting

POAITIONA 1 mod 2 mre nommelly used to govers the quoilsnt acruwlator, The ~peration they parfarm is deter-

[l - [1 Tor program la 1-f rmspertiwely, Woea
W, Py yyo-p. 88 = Prugrae pulae input inak ontx:

mn.::l.mlltld with progied milss sausas progren costirel TO progran divicicen or aquare~ract 1in acecardsnce
with 1ts switch satt

33 33, 21,.000,,.81 = Interlock pules Lnput onnined,

“mlmx: the ?M.lr.lotk switoh of n given progran comtrol ta set ct i3, thewe bmninald hre ney ured.
I? \be ivlarlosk switch 18 wat n% I, & ypulss Muat hive brop received co sy imterlock tarmlnul since
:;u 1mat nooeistsriack opormtico or initlal clsacieg of the divider befol & yrogTea owtput pulse in
smittud, TM4 interlook pulpe Oy be & progfam pulms of o disit pulse or pulnes,

e 2 = Zef reopectivolz+Emitr pro=

Tamefnela jo, Poyy. ..., 80 = Prograe pulea Jutput tominele for progrun somtrcld

= grw_’pu.u- after both tiws:mmlm ix completed ehd an Invsrioak pulse in recel vad (Lf Loterloek
awitzk s set ot Yo

mined by sdspter {(divider)

{PR-A=118). Thur Lf PX=H-1144
im meed
Simnosul 1 - Caunes quotiest
ucc, to aid tremsmit,

MOORE SCHOOL OF ELECTRICAL ENGINEERING
UNMIYERSITY OF PLNNSYLVANIA

Disposal 2 = Caused guotimt
wee, to add transmlt and
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<loar. MATEMAL 1 FINISH scact
Similacly, poefticnn 3 and 4 are | —
TOTALLY usd Yo gowers the de= k1
pominEta; TR=rO0t 80¢UBM1ATOR, [ 'H oy - o
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Digir Tasr Werns

Loaa Box
No Loso Box /s Useo Owv [#ss
Thar WHiCH CaRR/ES ULSES
Fom Tae Avswer. Ne Orwen

Livers Are Jo S CoNvECTED /Nra /7 | 5
. }l ] mm———— ———— - t—— 4 ————— -*-———r———-————-:
T -+ i
f — i | |
3Y, i
1000000|| &4 #240000000)0000000;/0000000 qunnuﬂﬁ 000000;0000000
. Usep Fer 20 DIt ] Useo For20 Dien SED FoR20DigIT
LD 0 s g0 NuMERATORs OR ) pus” [I I DenoriNATON) il oy NUMERATORS 0
LD d HJse OO0 Reorkanes) O tr Ool{o 0|l 010 or Rapicanps)
QuerienTAce, Diviber |4 Sounse] Roorer NumenaTor RAec, T NuMeRATor Ace, I |{|DENOMINATOR 4 Saunee Dsuommaronquynns SwiFrAce.T SHIFY A IT
. *2) (*3) *4) RooT AccL(*5) Root Ace. IE(BJ *7) (*s)
. b5 c—" ) i—d e
\\>‘\Dza;r TravsWirw No Loao Box
/rem Descrirrron RerFer To
:SS‘Z/} ACCUrIULATOR INFERCONNECTOR TERMINALS PX-5-10&
Stz
St Drvvoen & Squane SRooremr PrRogrArmMinGg TEAMINALS PX-16-/08
S
d Seccrne Casees Fror Disir Tmay To ST, & SU, On Quorrenr Ace, PA-5 -/3¢
5 ) PX-4-1/4A, A ¢ AC Aoprron
’ } Avarroms Frarm SUz 7o Dicir TRAY Or From SUz To [Di6ir TRay Ph-4-//48, A L5 Avsrror
c PX-4-7/4 C_, AC & SC Aparror
q Spccing CAGLe Fromt Digir TRay 76 S7; & Sty Ow 7we Denom, & Sg. Roar Aec. PA=5-/34
£ Soccime Comes from Disrr TAar To STy & SUy Ov 7we Swirr Acc. PA -5 -/35
F SPEconr Casee FH;H SV-To S7; & SU, Ow Twe NuyrerRsror Acc. PA-5-137

MOORE SCHOOLS"ELECTRICAL ENGINEERING : inTerconnecTion O Dvioer § Saunre Roorea Wit |
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S1gLt output Teraiosl

FieTr the trazaninalco of a-conitant 16 Jrogreored LGl Jults TapTeIMRtig thls sencbant srw emftted from bhis terminal. This termioal is T5 b tonnected

t0 9 digit truok {tewy) (See PU-11-306)

) by n diglt estis fo- trsnsminsion o the cusktant to axothar molt of the DNidZ.

i ible shuwing the erunectisg of this termimml fne laft-hani mad right=hoad fiv= 1, ”
.. N Hit yrvupr, wod combiwad loft and right-hand ten dlglt sats, appasrs welow,
41 shocld ba notod tRat & lafi-tand flve-digit gronp wowld bte rucalwid in the 1att=hond nals 2F an n:scn-n.‘ﬂn;' A A right-hand tiw—diglk group mmi ba rerel vad 1;

tha ripht-haad helf Lf po shifter wers ured,

lioe 10-d1xit mimnar (i5) F-digit luft-hand mumbor (L) Z=iipit vight-hesd nesber (R)
12 araund Arousd Ground
n R [of L) P {of L) . P fof B)
lo Billions plaes Ten~thousandths piace it (of R)
L e e e s m bt s aaoa P fof R)
£ s r e RN P [of 1)
17 Pe s rasase Tams plaqe” e [of R}
[ nes s esnan Uaife place " [of I)
E far s Rothiog Ten-thousasdtus place
rrscaanys Hothiug seaesn
-] 1lusdTuds pluca Nothisg A
2 Teua plece Hothing Taus plasn
1 Usits place Eothing unica place

TR u pul A wre tranac(ttod on thase Llnes whes the coastemt is positiw, 9 pulaes when it Ix & jomplmesnt, Hentd 3t in wnsscessery %o bk & ahifter om a

recalving wecuoulutor ko recnlve this aoratast intu the white to Jen—-thouaands dacades af that Besucultor,

e, W, B, O, T Ue, ‘gl

T T, BE) Be) OR B B @)

o Ol O Be, 86 0e U8, 8l R ?8%

(1e 110
Progran pules input terminals Cor pogran contruls 1-39

Torainslr 1 . 2 ..i.vs
™z pulss Putput tacminals for prog’es rootroln 1=30

Cunavant salector mltch

S4neral Zxplastlon of She Constant Iremsmitter

Ths sonmfsnt transmititer hes a capaclty of 100 diglte sad 20 sigue, Theae orw divided intp 10
wseeFy Frikyp) 0ACh consisting of 0 Algits and P siges, Eight of thess sets (4,0, =0} are mipplled
from IN| cande throwth tia T rendsT when propér 2on0ections sre mede on tha DI Tesde~ plog board [pas
FA-21-305), 'Two of those setE (J,5] rre Aupplisd Crsa tha tonstent set switchos snd FA mat wwilcham of
el 2 {vae PI-11-%07).

Trseh sot mmy be further dividod inte two groups, u lafi-hend group and a right~hend group, eseh ooo-
slnting of 5 digits anl » sig, Thia divialon wast remsin fized thrmoghout ¢ glven set-up, For sxwmple,
1f the & aet 13 divided intu fiweedisit gmupr, thes may or wll of tha constenk melastor switches 7 %o §2
way be wat tc C oF . Dut not kn Craversaly, 1f the E set is mot divided, than amy or all of the
renstans slector swifches L3 to 18 sy ba sat tn but mot tn E, o7 ..

The JBI fesdier ix prograeced from the fnitietYog wnit [ses M). The IEM meder controls and
Plug-hoard ars dercribed oa FX-L1I1-105,

Const=nt Tranraittar Program Snatvols

Thers arw %0 corstant Transclitter program controla, smch capablé of traasmitbisg enrtaim of the Gom=
etants oper tha Alglt qutsut teminal. Only Ghe ArGgrem cont¥ol ok be uwaed at » time, bence only ane
humbar fan ba tragamitted at 2 tlme,
ruoh progres #ontre! conalsts af
1) Frogran pulss input tefoincl (when wtimulated with program pules ceuses Progrem costrel to program
¢vanemiaeisa of nuotinr set on Lt conAtant swimctor switeh)

2] Comxtan® salagter switch

3) Frogran pulss mitput temmSnal {amits progran puiss Rfter comatont bae benn traossitied, i.e,, one sMition
timzs after ths program pulss Input terminal bes recalved & pulse,

N1 Asnociatsd trenecelver  (for gsom bulda sen PI-ll=306)

Progena controle 1=-24, which trananit cobitesta Tead fTom the IB4 chrde, omnnot b wied dumkeg tha
oparatian of the card Tueder, exoapt durisg the Clrat 50 sdditlon tiwss of this operstiow. That in, after
 pules la supplisd to 21 om Ere falvisting unit £268t pace) [mee PX-9=302), thass coptroly may ba used
4uring the N0 aubssquest mdditine Limes, But mot tharesfter unkil v pulse i¢ smitted from Bo.
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Vorstant get Swltahen for JL

Zaaatant :'ob Owitehar for J,

Onastant et SDwitchen for K"

Zeantant St Swltense for -

For a poatitive niwar, set the PW to O snd sat the Auster oo the switehas,
Jo~ o pagetive nurhar, sat (lw K o W and Aet Bhe crEslensst of amch dlgit
with raspsrty th J oo all but units switch where the complament with
raspest to 10 i wat.
For w ten-digit mushor, both P #witches should be set to tho sigm of the T,

\j‘. \I'
Wi Pon IPH 0 O
orr(QoN congTT
3 fo | |l
o ~t- TH_.mt cwiich
F M J
48 3t 2t 0, 45, 215, AN a*8e '45 245 Y]
!Z‘v I@v 1@1 a@v wv 1@1 ) L] lﬂ"’ Iﬂ@‘v T
I [ ] 1 [ ] 1 L] 1 ) I [ ] L ] 1 ’ [} a ] » []
L] L ] L ] b » k] - * J_ L) » L ]
L S
4n ‘4s *5 a5 45 5 +5 .5 a5 45
;:@.r !’Z‘, :@.1 ;@.1 a:@‘v :ig‘, ::@.- 1:@% Al @‘7
' ’l 1 .l |. 'l 1 'l [ ’l 19 'i 1 ,- 1 .l r. .l ' Ql
e | Y | e——
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MATE R, | FiNIGa SEaLE

Drawn oy Cacons ov: Abprowan Dy:

e | PX 1303
[T DEX. 1344




) Ol jo [+
NI PANEL
TRy 3
0 ol 1.B.M. = o
Mug
fTo Be Connecren
To /B8M Reapan)
SN-OFTFSWIKH

INITIRL START SWITCH CArp
S0P SW[TCH STACKER
T | T e
@ . @umy
L

SanuiLiany
REM0 SwiTen

PRLARITY SWITEN r oG
| [ LI
Ad l Ad
- Lig

Woto: Lo pet chamsge polarity switoh sklle motor-generator ia op,
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Tie Polarity Switeh

which change
group salsctlon and the resat sontrol,

laoatsd on the front of the IEM RewdeT Lr & double pols double throw switeh
the polarity oh tla holding calla of the ewlays which comtrol the

thase circulss om the plug board in the manser ipdigeted therd of in tha reverss

This gives tha followimp sypes of Domtroly

{A] with the polerity swited in pozmal position,

The common termihal A5F da tlen wired to soma hubd nf tha /1 resding
Srusbes asd thé group selectiom bubs are wired to hube of the digtt
salsotor. Thus, all aontyollipg is doms by warious punokes 1o oae
¢olimb. The wariety of thisss ¢ootroled im giwen by plugging to
differemt dlgity (12, 11, Oyvaven=a,9) of Sha digit molector,

With the polarity awiteh in sbnormal poaition,

10 this omse CF 1n wired to siom digit om the figit snlector asd the
ETup selection buba ure wirnd to various solume. Here, all the o=

trul 1s obtained by & certals pumch (for ¢zmmple, = 12 pumch) with dif-
ta 81f 1

forsut things being cobtrnllad by

Plugsisg Illustrations

fa] This shows the cewom bub *CP wirwd 0 column 71,

The two hube sbove wad
blow ¢ are oinbactad 20 the wire could hawe gous to sither of Shem, NHots
that besldea the wirs [#) ons vould donmect this upper bub far C S0 sow
othaF solumn, say 2, getting sh "nre cobtrol. That im, if n cartsin mumber
112, 11, 9} ia punched i3 ¢olums 21 or solums 2 then

whatsver bub

wder pm; ssle=tion wap plugaed to that pumbar of the digit swlestor ssuses
the

don rulays to

woup

{*} This wirs causes the resst contral 1o operats whimawer therw 12 a 12 puseh
in column 21; that is, u capd with such w punch ia calldd a smater card,
e eod d) Thaes lands causs laformation in storsgs relsy groups & and 7 to e

beld ms loang a9 osrds ooms through withouk a 12 pusch ia eolusm 21, Woame
awir s cord with & 12 punch In eolumn 71 (o master exrd} somss wlong She
informiting i groups & and 7 will be dropped and oew Informmtion will be
gut in from thie maater eard. Immedistely, the tander will go on to resd
the next oamd,

If m oard has & 6 punched is aolumn 21 this lesd causes grevyp selstslon
ral for group 12 40 be metiwatsd EAving w circwit from O through B in
atead of A,

(fmd g) If a9 ia punciied In column ZL groups 15 aad 16 group selewtion re-

{n, i, And K) Thia shows the plugging to handig &

{ny m, and pj

1nys wiil be sctivated. Diagousl leads musk aa |} smable one to operpte
am many grogps e deaired from Just ooé pukeh,

digit negative mumbers,
Thé PK puneh 18 to colums 1 and, by tha disgonal qompection im the minue
comtre), the P releya Cor groups 1 smd 2 wre cpersted by this ows puoeh,
Tha first digit Tesclies The storape Twleys through (J]. (k) Sllustrates
tha plugging for the rest of the digits,

1f thers 1s a & punch in aoluam 21 the digit from colusa 20
will go o she fifth Aigit of group 8, Ctherwies, the digit from colums

Mo will go tharw,

(M, 4, Wnd r] If thore La & 9 pumch in columk 21 the digit ia coluen 80 will

be tho [irte digle of group 12, Gtierwise, 1t will bw the fifth digie of
Wroup 16,

WOTE; If during the ooursd &f & eumgutacion the IEM rewder should fun wut of
cards the ptarting relsy [ssa PZ=11=307) will be slonsd 30 the wamont mew carde

are dropped in, the render will gon through & Uycla.

doma not fall te fead this firsv cerd the 3t%0p button shewld be held deem well
tha antds nre firmly Ln place,

By ¢hungiog thin switch one aam either wire

/1 Bead Srubes

To oake surw that tha resder

Tha F1 Read Nruakas ywad the surd Beforw the J2 Fend
Brusima do, The £l brushes mre wisd for sootrel purpeses
and the ¢2 truabes for resdiog thé oomters ssd Thelr NS,

Group Selsotiom

— __ [ F— n - The juha pusbersd from one to #iztesn comtrol tha
° ° N . ° ° a ° ° ° » ° N ° 4 ° - . roup selection Telsys whose terminkls srd locutsd od the
o 0 i lower hulf af the plug board, Thede arw double hubs, thet
e o . " f4 ° ° . ° M - ° ° ° ° . ° a 1s, the bub shove End Wlow the nomber ars Sommom, The
i - s » aingle buk loeated T0 the left of thess mnd labeled B0
° s o & °* o s & o ‘a s e 5 o ‘@ o o o controls the reast control. The features of croup Seles-
& ™ ™ t10n and rwast tontrol sre desoribed balow. For deteils
. 4 » ° ° ° ° ° ° M . v the T resder wiring dissTes PI-11-119,
PR » @ 0o o & © Resat Contral sad Fesst Shoat
H 7 & 9 s 11 12 13 I8 1,/{: " Cortain groups of releys [depsodiag upte plug Board
of o ° ° H ' a - M o g arreagements) my caisad to hold their informatlion while
1 ° — Digls sar - n apguenca of "detall" caxds are résd, This 1z scoowplisked
° ° ° . ° ° o . o - ° by oconecting the oorrdaposding tsrmimals wnder Ranst Cog—
| [ | | trol %o any of the Rewst Shunt temmicale, To chaoge the
a - 9 [ \C [ & a - ' a o o iaformstion whioh im beimg held in thesn valeys & “mantar®
L to vemt shast Repwt wootrel curd is imsertsd io the saquesoe of camds, A partimilar
1o 20 % & B & fe 9% 10s llo 1Z0 13 1ho 150 6o ° ° . . r onpd oap osuse the Beld isformation to
2] min the FE Mading Srushey
e o @ e o © s ® " o s » 8 & s & " ® 8 @ taw laformaticn can B storsd iy tsss releys until the next_
l " — 22 Band Droshes - —- It 20 maMar cbM comen Whesaver anch u mester cord 13 rend
- a ® 0 ® & % ® © © © 5 = © a & & &8 o) the Header vil] immefiately read the naxt dstail curd batars
P ™ » % 1t given out a computing migmel to the ENIAC,
° ° - H . ° » . o . " ° ° H . & » ° . ; The detail asrds sithsr must 3ot contsls informatiop
» [ » [ in the Tields correspecdiag to the rélaya that arv holding
° . @ ° ° - . . ° ° . ° 8 e B a - a . a2 mrater card informetion or slse growp salaction must be used
] »n " 0 to prawedt such isformmtion frop disturblag the Beld relays,
B & @& & © o & o o & & & © & & S & ¢ o & .
Pieg to B3 - — MiBuS goAtTel - — . \ Gronp Seleotiom Relaym
\ Y e © o e o e # ©® @& o 8 @& a|la & @« 2w Toare ars siztssc fiwe pols dowdle Shrow relay wwltches,
:/ﬁ. s [ 5 6 1 I 9 10 1L 1% 1y a4 13 16 colled the group selection releys, The aommcn Terminais mre
" o % 0 @ &« &6 5 5 8 ® & @& w6|le & ® o Libaled "CR mnd sommally the aireuis (n through she termimaly
/_ labaled "AW, When mctivated [picked up) She cirsuit is
% o o m ® © ® 8 ® @ e @ ® 8o © 8 ® w ® X through "E%. THAms rirtuita sfe isolated {iotarsally) frm
ug 1e 2 W - o Grou J— 1 — tha other oirauits of tha Teader 40 therw are maay T
afa a a l’—lgl a4 o a|edes © a e |[eCe o = = other than those imdicatsd du
Plog to BT relaye the plug Bourd,
oa o = a [ EY X s o a oA 0 @ 'Y o [=ah e o o offy ) 0O
Plug to ST relays Minws Control .
«B o & » o |wBo o @ e|oge = @ 'Y R o e o By wantg of cod Io the Besfer these terwisala comnmey
| Megrermm 65— 7 ' 1o the M Teleys of the Conatant Trunss whea the
,] o0e 4« o o|lece w & w|eag0e & o & adw » v = Tou eard 1n 16 poritions 1] mmd 12, tbet i, when the AL
ving te BT velagm punches would be yndar the #2 Besd Brushes. The two bube,
eAe = ° a|loas = . eA® = a - o Aw 4 - @ Sbove and beiow the group aumbsr, wre ccmmcd, Ueunlly, the
Plug %o 8T mlsye pumsh for misus indiowtion will oecur in the ymas Columm thet
vle o & % |oclho e & e |a0ls &8 o »|eds = e @ & digit punch appasrd, Thus, the same readiog brush will
Filag te 2 m 10 . 12 — - izdioats the P of the number and later ms the panitiens zare
sfe = @ s (wga » [ . [} ] = = @ eC &8 L] [ LY %o nlae puss uoder the brush §ndicats the digit pupched.
Flug BT relays >< Othar cums (talled coding ewma) suerglze the pumerical cir-
oA . s o d Ao - e e e Ao L] o o a ks L] ] o culta mly during She zere to nima part of the syols snshliiog
Plug to 57 releys / the diglt puneb Ln that enlusk to f4usé the proper relays to
aBle © ® o |oBe o o o|aBe o g olowe a o o ba sat wp in the CocPtaNt Transmitier, The Sodiag oams wow—
Plug so 2 3 1] 15 — 16 - - nls% of twd LFOUPS, ON growp ix wasd for positive musbers
e Q08 [ ] [ [ e ga ] ] 9 o€ a ] '] o e Cao o L o] wnd the othar group ceusss ommplamaats [with respect to .ln'-l]
Plug to BT releys t0 be ast up by atorage rwlays, The T relays detarmine whica
e Ao a o |ehas @& o o |oAhos @ o o |oke © a oy P aut of coding cemn BTV used,
Flug to 5T ralays N
Ll slla a o ado L] ] 8 obhe L] ' Q o da ] o LY Storags Ralsys
The atorsgs Telayl ars lacatsd im the Comatant Tramamitier
] ) - [ ) [ ] o [ ] There arv ssMatlelly four releys wescoistad with asch digly,
oromph.— | That im, four relaya repressctisg respectively 1, 2, @1, scd
* o o % @ ) con, in werious combinations, fepressat amy digit Crom zers
Oreup & v to mine. 'rn;u four reloys sme inditwctly nm:‘ owm
i o 9 a . - tube chrouits) muscoimted with the 1, 2, 2, o s dyut
e s- - :,...m —— o 11— —— b 12— out by the sycling unit. That is, sadh Telsy opens :'u.'-u tube
a o . L] L] which through & iuwarier opens a second gete tubs, Thir
—— wroup 13 - aroup 1% - oroup 15 oroup 16 7 stcond gt tuba paEsas the 1, 2, 27, u': pulsen.
a o L3 [3 a o 3 L] a o o a o - a o o o ] For poaltive asbire the buba af tha #2 resding bruzbep
can be wirsd directly to the hubs of tbhs storegs relays iz sny
Order whstsosvar, Negatiws muSbers must be hapdlsd o groups
_ whioh are gultipies of five, To fodiesta thr sexative Dorbay
thare will be on 11 Or 12 puneh in soms columm. The wirk
from the bub represtntiog 4hin anlumn ust go §o the mims com-
+xol huts of ull the storage reley groups ured for this nege~
Flwe nupher. Thors moit mims be  connmeticm to the Wub cor-
redpaniing to this 41x1% in ¢ atorage relumps, S48 the Exgm-
plas shown to the left,
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Tuim awiteh souples two groups of dlglts togethar whem it 13 34t %o the £ powitiop.
the rsrryover whan an THIA: oomplépant is eonvertsd to & trus velss,
e awitoheas or this drawing asd TX-12+33 are st for the aTrangiwint abown .Ill the tahle Below,

Tanl- Showing Original Set of Neesdmn Conmected tn the Pritst

Erinter droup pecndan from
1 Neorter m”-ll-:i Fanel 1, Dacrdes
1l

bd Acsumiintor 13, Pecsdse 610
a Accumulatar la, Decadey 1-5

Asmallator 1k, Nezwdep 6-10
5 Actumulater 14, Cecedns 15
[ Aecumylntor 15, Deosdes E=10
T srcumulntor 16, Decaden G-10
[ aesumulator 16, Meoadss 1-%
9 setumlator 17, Deondes 6-10
10 Accwsulstor 17, Drcades 1-5

11 Atcumidator 18, Dicedes 610
1z Aecuwmlutor \A, Dacedes L5
1% Atcumilator 19, Decades 610
1k Acowmulator 19, Decndea 1-5
15 AzovemlAtnr 20, Decedas £-l0
16 Accumilator 20, Deasdes 1=5

It previder for
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3sperrl "=ﬂlnnum— af Frinter

The priptar opwentaz from e riatin outpula of aAccuaulptnr skl ENATE™ progretmer decedes,
s cables coran2ting the fecadc of
the front of the anthine, A tobla, prasry ov T%~17-101,
Tyery Accwniletor dacede and Pif unit and evarr maxtsr Drogrmazer daceda hes & 2¢ALie culpul tere=
1mal,

The nusbste to ha printed are divided intn alxtsen groupa of 9 digits s = DM, mmbeTed
Zrom 1 to ib. The printing switebea determine which groups Ars comoectod to the 1MW geng purck,
orawing P4= =05 Ao the I geng puncl tlug board szd gives imstruntioue for cowsscting Lt up.

Aoy gevarp of Flve diplts spd 0 22 Aey b connected to an Bd jneent ArOUp bY EeEnE of Tha
rruniing weitek, =r that 10 digit, 1F dlglt, e%e. runbiPe £4¥ Ba Dinchid,

Shen fhw numbe s <0 by drintad 10 & compiedant [L.da, the TH funier reglatece L), the trus
velus af % ruaber 1 sunche? along with an 11 punch to indicat® that L1 le regatiw,

tberevar {ni-—-rim in the EAotsT nracreewmer 1x prioted adeptor PZ-12-118 B mrt be wiad
2% *ho printar plugs na pansl 2 s as tn ground the wnvead PM Jead going 1ato R pTister.

™& primier {r programoed (ron the Jrisiating enit (oA FA=9=302|. Cohtrola oh E5= I3k gqenc
sunch: ufw sxplained on PX=) 2205, .

Celnling mwitnl

Tuip awiteh conmentis {1R the S7ointd posithon} or Hcrunnects {in the “Afr¥ poeition) she wolsaepge

wipply o the hutTer tubas Af it Zrouc, ac thet thesa tubet dn {or do nat) opermte the Talmie whnn ihe

roosnarwd, POr tha iroup of digizs to ba punabied 10 IS necessary rot raly tha® thin -
atw but nlan thet proger cconectinas by gade on the IR gar Jontd plug board [nes =
ok Pnst he turned off 17 the decades to Which the grrur is ronndated Are Aot Surned on.
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Awews Set To TIRsTEN LigwT
PLUG !
BOARD __T
Ad. A
w N ¥

CTMEAL
WHHYERSITY OF PENRLYLVAN

PRINTER FRONT PANEL NO.2

Finriw

: ASbrovel W
@ R '

PX12-302




O puinTER O
FANEL 3
(o] o]
10-11 12 1243
C 4] Q9 ¢
& d ® — FETETRA for e arplanartoa
— of thir owital
4-15 |56 16l
< ¢ ¢ €
VIR AREY

MOORE SCHOOL OF ELECTRICAL ENGINEERING
UNIYLRS1IY OF PruNsYLVANIA -

PRINTER FRONT PANEL NO.3
MATERS, _= T et T

el Bl el iPXﬂ'303

DEL 14




Computar Basult Sxit

Thess bubs conmect divactly ko the digit relays in the printer, To
pumch positive pusbers they ean be plugaad €5 tha puach masmet kuba Lo
nvy desired arfangioent. This, it iz paasible to place tha digits coming
from the group 1L vwlays lo any Llve of tha sighty culumna on the INM
card. .

Yinus Indicatiom, N

The elxtess hubs under minus indlostica go disactly to the PM relays
nf the aixtsen groups. The minue indicaslan of wny jroup wul.d bs punched
ip eny of sighty crlumas os the camd aioply by
minus Indiearion hyk with the partiryler colum b of !h- pullch Aty

Usunlly, bowsway, the minus Indicatlun will sjpesr sbove Bomw digis
of tha number oo the card. To plees tha mious isdicatios [wn 11 punah)

above the rirst digit of the nunher the minus indicatlon of the cnrrenpomd-
ing group im plugged ¢n ana of tha tarainals labelad 4% unier quiumn Splite,
The bube “AY mnd AGY dirmetly vader the A-hub uowd arw %o ba pluggad, TaEpect-
fwely, %0 tha digit b |Comouter Reaults Bxit) above waish *ha minus pumch
Le dvnirid spd to the corraypocding hub of the punch magnete,

tha ecluan aplits is sioply & siztesn pole double throw relsy switch,
This switeh i3 controllad by & cmz In the IR punoh whieh cauay the Mg¥ huba
4o be conneztad to the raspecilive AR huba during the 11 pasitiom of the aard
and %o tha "3 hubs during the O,.....,9 poaition of the esrd.

Tmitter outputa

If oma of these hubs is plugeed to u pusch pagnet hub tha corfesponding
Runder will bs Fucched In that auligmn of the cyrd, Tha five rows of five
common hubs o Yhe right of the smitier outputs sssble omd $o punch the Peme
oumbar in more tham thrise columns. The connmction labeled (w) ao the disgras
causss nimss to b4 punched in the eoluss T7,....,40 oo the eprd, Connectlons
such af thess ceuso the correspomsding number to ba pabehed in wvery card,

Thin can b uand *o glve ldentifyimg wwdhsrs to the osrda or to punch dates o
the catdd, alphabetis punohing cshn0t be docma oo thin mmckine,

S i - -
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o e

s o

L] L] a

: L a

\;‘ o q
\ln. [}
.:l. a o L] L]

=1 L - a a -

c ll .--07 a L L] L ] ] . ;__ﬂ L] L - L] o L] L] L]
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3 . ! ;‘El mlll"..' _. . ' L] L] L] 73 o ' r r ?
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nn-an-anoun.o.-—a——o'-?a8983

Plogeing Illustratinoe

(=} This 11 thm typs of in eslumns shire no

minus indiestion ia deaired.

[b, 2, sad 4) Wean tha 11 position of the card ia ugder the
punabes there im a cossactiom throush leads (o] wed (4]
from tha punch magset hub to the mimus indleption, IF
the group 1 PN relaya were gotiveisd u olpmal will srrivwe
at this tism causing the 11 to W pumshed im column 1 am
the onrd, If the 11 punch indicEting & oegativw wumbar
were desimed 1o columa 2 kewds | d {c} mung B inter-
chaoged ut the punch mageet Bubi and lends (a) mma (4]
ipterehanged mt the computar axit hubs, Thes the firet
aelums of the oclputar sxit c¢obée directly to the first
colusn puoeh @nd the sadond coluem lemds gt throush the
miwua indiestiom huks sod the solusn split,

[*} Thess comcortioss will owwss nines to be puncbad 3w tha
lust four eolumns on the aard,
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Stepper program pulss input termioals
iealg@rarafige Stepper progrom gulss output termisals
1 Stepper dirext input tetminals

Xedl Btapper tldsr dirmet Input temisals

tmiaals
D120y naea D11 Dedade direct loput termimdls

GemsTal Explamation df Steppers sad Ducdes

A steppar is & iz stage ring socunter, It has the fellowing asscainted with ity

1] Stepper peogrem pulss input terminsl

2] Bix steppar progrm pulss output tifminald, ome mwiocinted with sach sbage of the
Mappr,

3) 4 group of deasdes(of fram O tao 5, depanding wponm tha steppir and 104 ssttings of

© the detsis masocimtor switehes, The X (B20ev.e)l) decndss of anch groupy are ioter=
aosnected by u dirwet smrry-ower clrcuit [fhevs {2 no delaped cerry-amr eirenit)
enabiing them to count (mot mcoumuleté} 10 = L Juleen, .

4} Stapper plear mwiteh

5) Bteppar alrect input veminal

6} Stepper clear direct Isput termisal

7) Suoch dacade has = ulmct Input termigal

Tha operation of m eteppar and its msmocintad equipment S» us follows;

At the mnd of tha initiel alear sueh steppar is laft on tha 1st stage sod asch deands
is slsared ta 0.

Suppass & progean pulss is recel vad Oh & SMApPAT program pulee imput tarmlmal, (sa
addition timk letar A ProATEE pulme is emitied from thé projoes pulse cutput termisal eorw
respopding ko the stagn the stepper iw oo &t the tlam it is emitted asd & progrea pulse 19
asxt to the wits decnds of tha group of sasocinted deoedss,

WaemsveT & group of dscudes counts to the menber sat om thope deceds switches corre-
aponding ta the positiom of the siepper, ood wddltion time later thees dedstes nrs clewrsd
to zer0 sbd the stepper is either stepped to the oaxt porltiem, pr {1€ 1% lo o= Vhe poaition
ast om Lts Atspper clear mwitch) clemped to the first position. Though the desadss will
Gount either program pulsss or digit pulses, say pulse whish might tatad this elearisg and
stepping setion mupt b = prog¥ad polas.

Tha desndss eoust both the pulsas supplied ta the pseceimtad stspper's progess pulws
iagut temnisel {with 8 ose mddition time delay) and those supplied to tha decels direct
imput tamsimals, Mo ssteup in persisallls shich mishs lesd Lo pulses heing mpplisd to »
decads from buth souraen simyltaneoualy, or from = dsosds dlrwet laput tarmimsl and = carry-
owe from & previcus deseds simulinosoualy,

an sxample Lllwatreting & tommon applicstitm of w avapper in progrmming will show bew

1itemn 1 thr operats togethsr, Cobsidar atwpper D, 8id Supposs $hat decaden 17 umd 13
are nasociated with 1t and thet its stepper clsar seitch 12 st to N, Taen four two-digit
nusbers {my,....ny) MY ba % up o0 the dacade aach EamleT d with the

evrrenpouding stage (l....s#) of the atepper snd hince with tha sorreapanding progtem pulss

output termisals {Pyo,.....040), WRECATIT & program pulse is reasived ou D) n pales 1n
saittad from one of the oubpiit taroizsls (oas sddition tims 1later), Toa first =y pulser
vooaived on Dy are smitisd from Djo; the pazt Bp Dulses Tsosived on Dy are emitted fres Dose..
aeny The 1owt ny puless received on Dy npe smitted from s apd the sispper and Lis mamo=
cinted deondes iz then left im thelr originsl stats, to repsat iha procsss, Tha tims
schedule of these opamtions ke as follows:

Fyogres Palse tperstion
] Toput progres pulse (to Di)
1 Qutput prugran pules smitted |from Dyo,,..I04e)
Deonds stapped L2 mext singe
2 - In oase the dacades register the nombar 184 wp OB

the decade mwitches, all deowdss {sssuciuted with
stepper D) srs clsared to mero apd tas stepper (D)
13 st to the maat elage or [If Jt 1a oa the
pomition B St le clemred %0 the First shage,

T disssanciste u deceds from 1ts ais=pper pull cot geve tube 64 in the steppar plug-im unit,
Gea Wlock diagram PY-£=30%,

Etepper progrum pulse input tarminsls

Termieals &0, saanassnss ER Stapper program pulse sutout tarmimsls sesceleted
with Stugs 1
Ko Bage Rissnarnan.aneia
K¢ st 6

Oz mdditlon time sfter a program pulss ia supplisd to sm imput tordinal (such aa M4}
ap pulss Ie smitted from the output tarwimal aorrespondiag to the stege the stepper In on
a% the time it ia smitted [thuw If the steppar is ut pomition 4, wheu the pulss is emittsd it
Tomes from Dyo), and w unit is wided to the comtants of tha asmoaleted decedes,

Tomminale deti, ... Kedl Stappor cluar dirset Lapet temmioals.
A pulde supplied to thid terminal will clear the atapper to the first position, If @
clsaricg pulss and & stepping pulss erriva Bt the name tine, the stepyer will ba aleared, sat

ntapped.
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To disasscalsts a deanfis from ita ateppar pull AUt gate tube 1o the stepper
unit = Seq Rlock Ulagrms PE-f=39, B - e " Fluga

[uosde Aswocistor Swirchey
Deondes provided with thase switchen mmy ba ccmseoted to tha decandes ssacisted with #ither of two
Thus AT tha J-K switch is net to K, deceds 2 i commacted in sariss with desads L, whils if 1t

0 smt to T decede 7 1a mede the molts decede mascofuted with stepper J, sud dasads 3 (Forwerly the uaits
Secnds waanciated with that wtepper) Wecamms the tens decede of thut mteppar, S.u., 13 put s secies Witk

[
with thw 10t stages of tbs sisppars,

Teseds switches asiooistnd with the Znd atages of ke wtepperd,
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Deeade assoointed with the 3nt stazva of the stappars,
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Deonds switches mssaciated with the Ntk stages of the steppers,

Duosds switches samocimted with Bhe 5th atages of tha ytepperw,

bacade d with the Gbh stagen of the stappers,
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TERDALS 1d4, 244, opo.oyP0dL = Dicads direst inpot terminals naponinted raspackiwely with deswdss 1, 2,.,,,,20,
(counted Crom right to left)

Pulans supplied to thess termizala will ba sounted by the decadss, Theve mml'l way be oither program or digit
ul we whish ptegs the deosdss to the numbsr sat up oo tha Jacade tohes corruspond to pusition
o’:l:'h:'l::::: l:zt':: & prugras :,u:l.n.. snd sny pulse viioh cnused & ourTy=3vET must ba A progeem wlulrs
Ko pragrma pulus abould be supplied to the decmde dircct input of tiw units desade of & stepper oos sddliion
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PREFACE

The Report on the ENIAC consists of five separately bound parts,
as follows:

1, ENIAC Operating Manual

2, ENIAC Maintenance Manual

3. Part I, Technical Description of the ENIAC

Volume I (Chapters I to VI)
4, Part I, Technical Description of the ENIAC
Volume II (Chapters VII to XI)

5. Part II, Technical Description of the ENIAC
Included with the Operating Manual and Parts I and IT of the Teshnical
Description are all drawings (see table 0,3 below) which are required for
understanding these reports. The Maintenance ilanual assumes access to the
complete file of ENIAC drawings,

Part I of the Technical Description is intended fer those who
wish to have a general understanding of how the ENIAC works, without con~
cerning themselves with the details of the circuits; it assumes no knowledge
of electronics or cirecuit theory, Part II is intcnded for those who require
a detailed understanding of the circuits. Its organization, to & great extent,
duplicates that of Part I so =s to make cross refercncing between the two parts
easy,

The ENIAC Operating Manual contains a complete set of instructions
for operating the ENIAC, It includes very little explanatory material, and
hence assumes familiarity with Part I of the Technical Deseription of the
ENIAC. The ENIAC Maintenance Manual includes description of the various test
units and proccdurcs for testing, as well as a list of common and probabile
sources of trouble, It assumes a complete understanding of the circuits of
ENIAC, i.e, a knowledge of both Parts I and II of the Technical Description

of the ENIAC.




The Report on the ENIAC and the complete file of ENIAC drawings

constitute a complete description and set of instructions for operation and
maintenance of the machine, The drawings carry a number of the form PX-n-m,

The following tables give the ¢lassification according to this numbering system.

TABLE 0,1 \
Values of Division
I
1 General
2 Test Equipment
3 ] Racks and Pancls
I Trays, Cables, ndaptors, and Load Boxes
1
5 Accunulators
6 High Speed Multiplier
7 Function Table
8 Mastcr Prograwmer
9 Cycling Unit and Initiating Unit
10 Divider and Square Hooter
11 Constant Transmitter
12 Printer
13 Power Supplies
TABLE 0,2
Values of g Sub ject
n
101-200 l Wiring Diagrams
201-300 Mechanisal Drawings
$01-400 Report Drawings
4,01-500 Illustration Problem Set-Ups,




The reader of this report will be primarily interested in the types
of drawings listed in the following paragraphs, A table on page 4 gives the
corresponding drawing number for each unit of the ENIAC. |

1) Front Panel Drawings., Thesc drawings show in some detail the
switches, sockets, etc., for each panel of each unit, They contain the
essenticl instructions for setting up a problem on the ENI.LC,

2) Front View Drawings, There is one of these drawings for each
kind of panel used in the various units of the ENIAC, These show the relative
position of the trays and the location of the various neon lights, Since these
drawings show the neon liphts,they can be used to check the proper operation of
the various units,

3) Block Diagrams, These drawings illustrate the logical essentials

of the internal circuits of cach unit. That is, resistors, condensers, and

some other electrical details are not shown; but complcte channels (paths of
pulses or.gates representing numbers or program signals) are shown in all their
multiplicity, Thesc drawings will be of interest to those who are interested
in Parts I and II of the Techniczl Report,

4) Crose-section Diagrans, Thesc drawings are electronically complete
except that only one channel is shown where there is more than one, Thus, these
drawings show every resistor =nd condenser and any other electronic elemcnts
belonging to any circuit, Thcse drawings will be of particular interest to
the naintenance personnel and to thosc reading Part II of the technicel report.

5) Detail Drawings. 4ll other drawings of the ENIAC come under
this heading, A complcte filc of drawings is available at the location of the

ENT.C,




Table 0,3
ENIAC DRAJINGS

Unit Front Panel Front View Block Diagram Cross = Section
Initiating PX-9-302 PX-9-305 PX-9-307
Unit 9-302R
Cycling Unit PX-9-303
9=-303R PX-9-304 PX-9-307
srceunulator PX-5-301 PX-5-305 PX-5-304 PX~5-115
Multiplier PX-6-302 PX-6-309 PX-6-308 PX-6-1124
6-302R 6-112R
6~303
6~303R
6-304
_ 6-30LR
Function Table |PX-7-302 PX-7-305 PX--7-304 Pi=7-117
7-302R 7-118
7-303
' 1=303R
Divider and PX-10-301 PX-10-302 PX-10-304
Square Rooter 10-301R _
Constant Trans-|PX-11-302 PX-11-306 PX-11-307 PX-11-116
mitter 11-302R 11-309
11-303 (C.T, and R, )
11-303R
11-304
11-304R
Printer PX-12-301 PX-12-306 P{-12-307 PX=12-115
12-301R
12-302
12-302R
12-303
12-303R
Mester Pro- PX-8-301 PX-8-303 PA-2-301 PX-8-102
grarmer 8-301R
8-302
8-=302R
Other drawings of particular interest:
Floor Plan PX{=1-302 IBM Punch and PX-12-112
A.C, VWiring PX-1-303 Plugbozrd PX=-12-305
IR Reader and PX-11-119 Puls:z .mnlifier snd PX=4=302
plugboard PX-11-305 Block Dizgran PX~-4-301
Intcreonnection of Hultiplier snd accumulators PX-6-311
Interconnection of Divider aad accumulztors PX~=10<307




The front view drawings and the large front panol drawings (whose
numbers do not end with "R") 2re bound as 2 part of the Operator!s hanual,

Included with the ruport is a folder containing all the drawings
listed in the above table except the large front panel (see above), A com-

plete file of drawings is available at the location of the ENIAC,
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I. INTRODUCTION TO MAINTENANCE MANUAL

1,1 Structure of Maintenance Manuasl

The maintenance manual devotes a chapter to each unit of the
ENIAC including one chapter to the a-~¢ supply ¢ircuits, These various
chapters were written by the people who designed or helped to design the |

raspective unit.

Each chapter contains a list of the wiring diagrams and test
charts referping to the circuits of that particular unit, It contains a
section giving a testing procedure for the particular unit. Note that test
procedures for each unit are also given in the operating manual, In each
chapter there is also a 1list of possible failures and their remedies, As
time goes on tho conscientious maintenance man will de well to keep a log
book listing for cach unit failures encountered, their symptoms, end the

remedy.

1,2 Notos and farnings to Majntenance Personnel
1) Keep in touch with operating group for any trouble which may

develop. Note repairs and troubles in log bock., Keep log of
all tube failures - list each tube,

2) This machine contains a number of dangorously high voltages,
Avoid working on eny part while DC is on,
Do not loave off any covers, Remembor the shells of tho

motal tubes are at high potential with respect to the frame.




3)

4)

5)

6)

7)

8)

1.3 Geonercl Romarks on Tosting
1,3.1 Stondard Tost Problcoms

Standard test problems chock for continuity of the programming
sot-up unless there are attachod subsequences which oporato simultancously.
Gonorally a stondard tost problem cannot bo dosigned so as to test the

nuncricsl circuits completely, However, it comes much closer to completely

1.2

Nover oporate machine with any DC fuses out except for special
tests. Yhen replecing o DC fuse bo sure they aro put in
correctly - i,e, washer in cupface out.

iake poriodic chcek on wentilating fans,

Do not pound on plugs or pluz-in units to got thom in; use
steady pressure, Avoid pulling on wires or cables to remove
plugs; uso casc for pgrip,

Xsep covers on rolays as much as possible; roplace in same
position to avoid spilling onto rolay contects dust which may
have colleccted, :
Return all plug-in units and cablus to propor rocks whon not
in usec,

DOWT'S

(2) DON'T leavc doors or coverplatss leaning azainst roloys
or tubcs or front pancls,

(b) DON'T hang probes on wircs in trays.

(c) DON'T mark pancls with chalk or stick papur labols
on thom,

(4) DON'T drop soldor, nuts, lock washers, etc., insido

machine and leave them there, GET THEN OUT)




I-3

checking the progrem control cnd coniaon programming circuits.
1,3,2 Systematic Unilt Tosts

Systocmetic Tosts such cs thoss described in the operating monual
aro dosigned to cheock thao numerical circuits and common programming circuits.
If rcpeated with different program controls, they check the progrom control
circuits. The chopters of this manual givo somc other tosting methods for

certain of tho units,

l,4 Responsibility of Maintenance Personnel

1) To have studied the four manuals (Operating Manual, Technical
Reports I and II, and the Maintenance Manual) sufficiently to
thoroughly understand the operation of each unit and the
operating of the ENIAC es a whole,

2) Knowing that a particuler uanit is failing to be able to find
and remedy that failure.

3) Knowing of the oxisteance of a failure in the EIIAC to bs able
to assist the operating perscmnnel in localizing the failure
to particular uaits, However, thc duty of isolating numerical
and programming feilures to a particular unit belongs primarily

to the opcrating pesrsonnel,

1.5 ENIAC Drawings

The maintonance personnel should have access to a f%le of drawings
at the location of the ENIAC, As pert of the file of drawings thoro is a
complcte catalog of all the drawings of tho EHIAC., Only o fow of the draw-
ings are proforred to in tho various rcports und in casc of difficulty with

particular circuits thc maintocnanco man should refor to the ecatalog for




1.4

eny other drowings which may be of help,
Drewings which ill be of particular help for maintenencing will

be the various block diagrams and the c¢ross-section diagrams of each unit,

1,6 General Remarks on Trouble Shooting

After a test problem hes indicated a failure it becomes e problem
of localization,

l,6,1 Find the Uait that Failed !

To the operating persounel the type of feilure found in the test
problem may iniicate the unit (or kind of unit) in which the failure occurred.
Verious unit tests (such as those described in the operating manual) may be
performed to assist in this localization process,

1,6,2 Finding the Circuit that Failod

The various unit tests arc designed to looalize the feilure to a
particular circuit. Complote knowledge of part II of the technical roport
and cfficicnt use of block diagrams will help in this procoss.

1,5,3 Circuit Failuros

The most frequent failure in circuits is burned out tubes.

Replacc tubss in suspected circuits and test the tubos romoved (sce Section

on usec of the tube testor). Hote that cathode failurcs in metal
casc tubes cen ho detectod at removal time by comparing caso temperature
with that of othsr tuboes,

IZ all the tubes in the suspected circuits test all right a stetic
tost of the circuits is indicatod to chock against failures in wiring,
rieisvors, or condensers, To essist in stetic and dynaric tosting tost
charts huvo beoen prepured and certain test oquipnent built (soo

The charts have dotailed instructions giving switeh scttings, voltegos,




pulsc rise, duration, and fall timos, pulso amplitudcs, ot cctora,
The following prineiples in trouble shooting aro worth noting.
1) If a2 circuit oporates whon it shouldn't look for failuro
of nan invertor tube,
2) I? « circuit docs not opcrate when it should look for failure

o

of a gate or a buffer,

1,7 Tronsicnt Foilurees

Tronsient fiiluares cun usually be found by repeatoed progromming
of the suspzcted nnit. As oxplained below cortain tost equipment heas been
built to assist in fincding transiont failurcs,

Practically all cireuits in the ENIAC werc dcsigned with ot

leest a 2 to 1 salety factor, Thus, peramotors (such as loads, voltages,
3t cotora) can be varied considerably without cffocting the operation of
a normal unit,

Thus, to assist in finding transicnt failurcs cortain tost oquip-
went (nemely, a variablc oseillator und wvaricble power supply Cquipmont)
hzs bzen built, The varicble oscillator san be pluzged into the cycling
unit and the EHIAC oporated zt frequencics above or below the standard
frugqueney of 100 ki, Th~ voriasble power supply can be uscd to vory the

voltages in & unit wnd thus incrensc the probobility of feilurc,




2.1

11,

Circuits of the Initiating Unit

WITIATING UNIT

II -1

Tebles 2,0 and 2,1 give a list of drawings pertaining to the

Initiating Unit,

The Interconnection diagsram, PX-1-301, shows the locetion

of the plug-in units and gives the numbers of the chassis drawings,

.
Table 2.0
INITIATING UNIT PLUG-IN UiTITS
Ne, of units Static and
used in Initia-~ Plug-in Unit Wiring Diegram Dynamic Test
ting Unit Chart
19 Cycling Unit PX-9-1024 PX-9-123
Transmitters
6 " Transceivers PX-5-147 PX-5-129
T2 Initiating PX-~9-105 PX-9-125
Pulse Units |
1 Reader~ Printer PA-9-104 PX-9-122
Starting Unit
1 Reader Interlocking PZ-5-103 PL-9-124
Unit
1 Reader Transmitter P%-9-106 PX.9.121
Unit
et e o




Name

Oscilloscope

DC Voltmeter

Initial Clear Relay

il R R e T E T R

Table 241

OTHER IKNITIATING UNIT CIRCUITS

IT -2

|

PX-9-115, 119

Wiring Static Test Chart
. e == = =3
PX-9-115 ! PX.9-126
FX.9-118, 119 A,
1198
A S —+-— —

AC Voltmeter

—Egart:ﬁsfaﬁ:—and“-"
Door Switch Shunt

PX_-9-1184, 119

PX-9-119
(scc Block Diagram

2.2 Testing Program

Tests for each of the plug-in units arc described on the test
charts listod ond covorcd in the scetion on the use of tho Test Bench,

Tosts on the plug-in units in placec in the unit arc outlincd

below,

PX-9-.307)

A) Cycling Unit Transmittors

With cyeling unit on continuous opecration obsorve CPF, 9P,
1'P, RP on Oscilloscopc on cyeling unit.
at lcast one in¢h amplitudce and equal width for each pulse indi-
awpeor- all is well,
cycling unit transmitters.

which produce the missing pulses for presence of pulse

Proscncoe of pulses of

If not replace one or more of the associated

If no pulse et all, check on gates

Block diagram PX-9-307 will be most useful here,

at output,
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B) Selective Clear Transceivers

Connect each to 2 program line carrying continuous program
pulses, then observe neon lights. If any unit fails, replace it.
C) Initiating Pulse Units

One of thesc units is used to produce a pulse synchronized
with the Eniac when the initiating pulso switch is pushed. The
othcr produccs a synchronized pulsc when the printer finishes
an operation. To chock the first, connect cutput to input of |
onc selective clear transcoiver, sct cycling unit on 1 add
operation. Push initlating pulse switch, uppcr ncon should

should

light; pulsh 1 pulse 1 add switch, lower noon,light, push 1

pulse 1 add switch egain, both neons out and transceiver neon

should light,

To test the other, conmnect printer into a program chain,
This will also test printer section of Reader-Printer Starting
Unit.
D) To tost Reader-Frinter Sturting Unit, Reader Interlocking
Unit, Reader Trunsmitter Unit, plug rezder ocutput inteo selective
¢lear transceiver to check presence of ocutput pulse., Set
Cycling Unit on 1 add time, Push roader start switch, reeder
start ncon on, rcader interlock neon on, IBK roader should feod
card, recder finish ncon on, After card feed push 1 add button,
roador start noon out, reader symchronizing noon on. After noxt
1 edd push reader intcrlock ncon out, rcader synchronizing noon

out, transceiver ncon on.




II - 4

E) The Oscilloscope cection nocds no special mention as to
scrvice. The stundard tosts for thce RCA 155A' scope cro appli-
cable with the cxception that tho swocp frequency operates at
approximantcly 60 CPS,

F) Scrvicing of thc two voltmctor circuits is straightforward -
checks for open circuits, short circuits, rosin joints, loose
connoction, ote,

G) The initial clear reley circuits areo shown on PX-9-307. Tho
time constant of the condenser relay circuit is sufficient that
the reley should steoy closad for not less than 1/2 second, In

case of trouble look for failure of condenscr or relay,
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III . 1

III, CYCLING UNIT

3.1 Circuits of Cycling Unit

The cycling unit panel includes ton transmittor plug-in units of
the master programmer (scc Chaptcr X) as well as the eircuits of the
sycling unit proper, The followingz tebles and PX-1-301 give the pertinent

drawings and show the position of the plug-in units,

}
Table 3,1
PLUG-IN UNITS
Number of Units Nome Wiring Diegran Static and
Dynamic Test
Chuarts
- e s r e T - O ——— T —————————
10 * Mestor Programmer PX~8-105 PX-8-122
Transmisters
6 Cycling Unit PX=9-102A PX-9-123
Transmitters
1 Cycling Unit Carry PX-5-102B PX.9-.123
Gate Transmitter
—_ -— - e e e L ]
1 Cycling Unit Off- PX-9-130 PX=98-.139
beat Unit
) Cycling Unit PX-9.131 PX-9-140
Psclillator
l On~beat Unit PX-9.132 PX-9-141




111 = 2
Table 3.2 T
CHASSIS CIRCUITS
Name Position  Wiring Test Chart
(tubes)
Tep chassis 1l and 2 PX-9-.133 Statie:
e ———— - — PX-9-128
Gate A 21 to 40 PX.9.134 PX-9-128A
i . -
Gate B 41 to 60 PX.9-135 Dynamic:
PX-9-129

3.2 ZTesting Procedure

The routine testing of the cycling unit is best carried out in
the following manner, With the opsrations switch on continuous and the
osgillator switch on Iiternal, tho various pulses and the carry gate aro
oxemined on tho viewing scope. Thoir prosence is not suffisiont for
satisfactory opcration but the pulses must all be of approximately the
samc shapc and all signals at least one inch high. Next, tho external
oscillator should bc plugged in and the switch sét to External, the tens
pulses should be oxamined on the viewing scope. Tho frequency should be
increased until either a shift of 1 pulse to thc right is obsorved in
thc tons pulses or one or morc ncon bulbe in cycling unit ring glow.
The froquency at which this occurs should be at least 160 ke. At this
top spced the othor pulscs and gatc should be egein oxamined, Thc most
common difficulty in the cycling unit is failure of the ring to count
at these high frequcncies. This can usually be traced to trouble in the
ring pulse standardizor,

The 1 addition time mode of operation as woll as the onc pulso

timo meodo must also be testod, Test tho 1 add modc at 100 ket end alsg
at the top

ki
)
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frecquency, Precencs of the tcns pulses must wlso be chockod, This is done

by progremming o chain of twc programs, onc ovvent of which is to toll an
accunulator to transimit, Then, continucd pushing of tho 1 pulsc 1 add

swit¢h should result in the progrem chain stepping clong and on the ono
program, tho accumulator cycling, as cvidoncud by tho necons flashing, but

the same numbor rcomaining in the acoumulator, The samc test should bo made
under 1 pulsc time operation rcquiring, of courso, 40 pushes of the switch

to gn through the twd program sequence. Should any of the cbove tests fzil the
1 udd gote, ring stop gate, 10 pulse flip-flop, and 10 pulse gatc should

be investignted first,

Trouble in the Viowing Scopc moy rosult from disturbed DC voltages
which arce praoducsd in tho top pencl or due to fueilure of the sweep circuit
which 1s located on Gate Chassis B, PXL.-9-135., This circuit is similar to
cne uscd in thc A-R Scope, typs 256B, but uses difforent tubes., A discus=-

sion of this typc of circuit will be found in the A-R Scopc Menucl,




IV, ACCUULATOR

4,1 Accumulator Cirguits

Tho follewing tables cnd PXZ-5-302 givo the

and the locaticn of warious aceunulator cireuits,

numbors of drowings

_Tablo 4,1
ACCULULATOR PLUG-IN UNITS
;;nher of Units Pﬁl.ug-in Unit j Wiring Diegram | Static and
‘ . : Dynamic Test
| Chart )
T 10 =. Dcco.do. - I-‘X.-5—133—“ 1 Px-5-126m
Y PM-Cloar | PX.s-208 | Px5-127 |
i T2 ] Recetver j px5.1e8 | PXs.128
s Transcoivor _‘J‘ PX-5-147  PX5-129
1 L Repecter 1 TX-5-149 ; - Px.s-lzo-'_:
Table 4,2

ACCUMULATOR DRAITINGS

Namo Position Wiring Tost Chart
(tubes) i L"“ L
Gate Chussis 41 to 60 PX-5-117 Stetic:
PX~5-123
Dynomic:

PX-5-124




4,2 Testing Trocoedure

4.2,1 HNumericzl Circuits
(a) Receiving failures.

Using the nccumulator test cards described in the operating
manual (section 2,2) the constant transmitter can Le used to transmit
nunbers into an accurulator.

In case of failure in this sort of test, there are two possible
procedures:

1) shift to another input and repeat the tost,

2) Program a transmission at one pulse time spsed,

Either of these proccdures will generally doterinine whether
the failurc is in the deconde unit or in the input gate circuits. If the
failure is in the decade unit replece it (repairing of plug-in units is
discusscd in the scction om the test bench, Chapter XII),

Any systematic tost shwuld inveolve recciving numbers ¢on all
t'ive inputs.
4.2,2 Transmiscsicn Fuilures

With a numbor such as T 44444 44444 in the doubtful accumulator,
it should be progrevncd to add its contents to ancther accumuleter at a
ono pulse time rate., The recciving accumuletor sheuld be known to be
operuating corrcctly, of course.

Consecutively, or simultaneously by using a second accumulator
to receiwve, the subtract transmission circuits ecan be checked,
4.3 Common Frogremning Cirguits

Simultaneously failure in all ten chaanels (or eleven channcls

in somg cascs) persisting with various program controls indicates failure

N
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in common programaing circuits,

4,4 Program Control PFailure

If only one fails replace it, If wore than onc transcoiver fails
look for trouble in comaon programming circuits perhaps chccking othor
transceivers. Failure of morz than one progrum control flip-flop to

resct indicatoes possible failure in the ropcater ring circuits,
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Vv, HIGH SriED MULTIZLIER

5.1 iultiplicr Circuits

The circuits of the multiplicr arc loeated on throe pancls,
The interconncction diagram, ¥X-6-301, shows thc npsition-of tho various
circuits and thc following table gives the numbere of somo of the

pertinent drawings,

Table 5,1
PLUG- I UNITS OF THE KULTIFLIER
|rmer it [ ew | i g | e o |
24 Transceiver | TX-5-147 i TX5.129
6 Buffer imnits ; TH~6-107 | $%-6-130
2 Recsivor } {X-5~148 . *‘x.s_lza .

5.2 Testing: ’rocedure

Tne multiplier lends itsself nicely to a routine sutometically
programaed test. Thz details of this test are given in the ENIAC Operating

Yanual,

In case of failurc in the above test, the prograr: should be
steppcd through by one addition timo steps and the pertizl products appear-
ing in the rroduct mccunlators inspected, This procedure if done in
conjuncktion with tracing the numbers course through the multiplior (by
usc of the block Jiaygran, IX-6-308) may locate the Tailure, If this fails
to locate troublc, sten by cddition times to the rogion of failure, then by

oulse tincs,

n mm—— e o T
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Table 5. 2

CHASSIS DRAYINGS

Namc Tosition 1 diring Tost Charts

. Foel | Tubes |

Ier Selcctor 1 3 - 20 F{-6-101 Static:

R.id, Multiplier Table 1 21 - 40 rX-6-102 Fenel 1 2X-6-122
L.H. Multiplier Table 1 41 - 60 PX~6-103 Tancl 2 TX-6-126
Icr Top Chassis 3 1l and 2 rX-6-105 Yoncl 3 TrX-6-128
-G':J.‘.:c - 2 ) N 41 - 60- ?x:;.ibg_ Dynamic:

-C:mto 3 41 - 60 7¥=6-1CS Fancl 1 PX-6-123
Icand L.H, Sclecctor 2 21 - 40 %=6-110 Pancl 2 PX-6-127
Icand R.I;. Sclut;t_:;z-'- - 2 3 - 20 PX-6-110 Fancl 3 7FX-6-129
iR and L Shifter 2 3-20 Ti-6-111

and
21 - 40
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By chocking the pulso groups arriving at the product accumulators
(and compering this with the actual products of the digits of tho numbers
boing multiplied) bad tubes may be found,

5.3 Dossible Fajlures

1) Failuro of gatc tubos in multiplier scleetor would cause
table to pass nine pulses,

2) Failure of geto tubes in multiplicand seloctor or in shifter
would causc zoro pulses to arrive at the sorresponding plece in the
partial product,

3) Pailurc of buffer or invorters in the channols may cause
either of the above effects,

4) Failure of table output pates would cause 1, 2, 2', or 4
pulses to fail to reach the product acoumulator,

5) Failure of drivers on the output would cause a digit to be
missing from eech partial product.

6) PFailure of program control transceivers,

7) Failure of conmmon progranning ¢ircuits.
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VI, DIVIDER AND SQUARE ROOTER

6.1 Divider and Square Rooter Circuits

VI -1

The following tables give the numbers of some of the pertinent

drawings of the divider and square-rooter. PX-10-303 shows the positions

of the chasses and the plug-in units,

Table 6, la
DIVIDER AD SQUARE ROOTER PLUG-IN UNITS
Number of Units Name Wiring Test Charts

10 ' Roocoivers ~ PX-5- 14; PX-5-128
8 Trensceivers PX-5-147 PX-5-129
2 Buffers PX-6-107 PX-6-130
1 Repeater PX-5-143 P%£-5-130

1 Decade Ring :
(Master Programmer) , PX-8-101 PX-8-125

i © 7 reble 6.

DIVIDER AND SQUARE ROCTER CIRCUITS

Neme Position Wiring Test Charts
. Gate No, 1 3 -2 PX-10-106 Stetic:
PX-=10-115A-D
Gate No, 2 41 - 60 PX-10-105
Dynamic;
Top 1 and 2 PX-10-112 PX-10-116A-C

6.2 (Checking the Operation

Since the divider and square rooter works in conjunction with a

number of accumulators tho first thing to do is to systematically check all
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thesc accumulators {scec Chapter IV).

Drawings PA-10-403 and PX-10-404 show tho numbors occuring at
various places in the eccumulutors during sample division and squarec root
problens, Thesc problems may be done at one addition rate ufter a failure
is indicated.

Since part of the control circuits go to accumuletors vie pablea
and trays the operator should carefully check these when trouble is
suspected, The presence of the proper adeptors, et cetera, should be
verified,

Note that the square root of zero is the simplest test problem :

that the unit can be ceused to do.
6.2.1 Program Control Failures

17 any transcciver remains “on" then it should be repleced, If
more then ono romains on, then the common programming cirecuits should be

inspactod, Check in particular to see if thc program ring cycles ns it i

should, If thc program ring cyclcs es it should, inspect the clearing

circuits.
6,2,2 Numorical Circuit Failurcs

Check the quotiont place ring and the vorious pulsa gates includ-
ing the £+ 1 or + 2 receivers,
6.2.3 Common Progremauing Cireuit Pailurcs

Using the Llock diagram and a samplo division or squarc root
problem the operator should procced at ons addition time (and perheps
ropoat at one pulse time rate) rate and noto the first circuits which fail
to opcrate (as indicatad by thc noon lights on the front panels). Reforence

should be mado to PX-10-302,
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TARLT 6-2
DIVISION - TLIUSTTIVE PROBLEM
Problem: pivide P 0 2096070 COC 4y P 0 23 000 0C0. Round snawsy off to 4 places. Mo interloek,

Lepeninator
. Quotinont Accumulator Numerator Accummlator Accumulator Shift Aenumulator
Pericd | aAdd, [T : Rt —_ o E——
Time Stores ofter Staras aftar : calves during .
. Rocaives Re ; - ‘ Stores after
Receiving caives rapeiving 2;:1;:!_%0:?‘1 storew Recelves Regeiving
: . S S, .
L L ~ PO209 00RO | P 209070 000 P 0 230 000 000 B
2
I ——— :
I i b u 9 770 000 00O :..9979070ooo }
Pomooooooo _P 0 100 Q00 00O )
—2-1 — o A NN SU R R e e ]
o 6 } ﬂ MAVIAAS u 9 790 'roo 000 u 9 790 700 ooo
e _2 L. e _— - e L Y b S
] | M 9 790 700 000 ::9790 Tno 000 | WAAAAY
[ By PO 230 000 000 | I 0 0x0 700 00O
9 M9 990 coo 000 T poogooooooo |
mi 0 | WV\TW poeo7oooooo P 0 207 000 000
s —_—— R e i aitiiie B
1 P 0207 000 000 | P O 2:7 000 U0O WAAAAA
12+ M 9 770 000 000 11 9 977 000 000 I
1. _ i e D T T e oo e N
13 P 0 001 00O 000 P0091000000 I
11 14 ! \/'A/\TAM N 9 T70 ooo ooo ¥9 770 ‘000 000 !
L. .. r—— e - i R . —_— N . - . - . b e e me e ol e e ]
i 15 : ‘ M 9 770 000 000 i 19 770 000 000 \AARAA !
' — el R [ - s i e
" L 16 o PO 2000000 ; PO OO0 00D 000
17 - PO230 000000 ° PO 230 000 000 ;
14 ! i PO 230000 000 P 0 450 000 000
19 P 0 230 000 000 . r 0 690 000 000
20 ’ PG 230000 000 |, PO 520 000 000
21 . - - R . . - - . P - - .- . . . [RSE—
22 P 0 000 000 00O F 0 091 ooo ooo ,
e e ‘ ) ; oo SR I D . . e
v o o - Lt
J 24 Progrm output pu]. and sneswuyr dupoaal sl.gnal Iy trananitted
25 Answar fs trnnsmitted from quot:.?nt acewulator, ;
]
Lo o o e L e e [ NN [N K ! P
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TABLE 6~3

SQUARE ROOT ~ ILLUSTAATIVE PRCBLEM

Problom: Find YP 0 041 360 HOO . MWound mnswer off to U placos. No interlook

BEEEERECTERE it R — ==
1 P 0 081 360 40D

Numerator (kadicand) Agcumulator

Denaainator (2 root) sAccumiliator

' Shift Accumulator

Add.

Recolives

Stores aftur roceiving

Receives

shi

I

g

25

P 0 0f1 360 400

!

P 0 190 000 QOO

" P 0 036 040 000

M 8 550 400 poo
P 0 182 000 000
14 P O 1€2 000 000
19 P 0 182 000 000
20 | » 0162 000 000

el P O 182 GO0 000
o - .

RVaTaY 'l

M9 £19 000 000

__| e S _—

u—9 981 300 400

P 0 036 olip ood___
M9 655 oo 000

. u 8 550 %00 o000
o & 732 Yoo o000
M 8 914 400 000
Al 9 096 4oo c00

ETE T
M 9 #60 koo coo

R 9 990 000 000

Stores aftar Zaceiving

Recelves

Stores aftor ruceiving

P 0 200 000 D00

H 9 900 000 COO0

M § ydo 000 000
P 0 010-000 000
. P 0001000000

POO@OOOOOO_
9 999 000 000

M9 994 000 000

_{ T 0 300 000 00O

] . FOo130 000000

P 0 100 000 000

P Q 200 000 000

PO 1‘(0 (_)00 o000
P 0 180 000 QOO
_P 0 181 000 000

P D 183 DOO 000
P 0 142 000 000

P 0 180 000 Q00

Fr—

Progran outpus_pulbe and enswr aisposal dignal is sranapitied,

Answar is transmitted rr& yenominntor actumuluatolr.

-

%9 &13 6ok oco

~ P.0 036 0%0 000
V\'\‘P-W

M & 5§50 Uoo ooo

P 0 036 040 000 _

H & 550 $00 000
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VIiI, FUNCTION TABLE

7.1 Function Teble Circuites

Tho function tublc is located om two panols and there is the
portable table which plugs into both panels, Tables 7.1 and 7,2 give some
of the pertinent drawing numbers and PX.7-301 shows the location of the

various c¢ircuits.

Table 7.1
PLUG.IN UNITS
Number of Units Name Wiring Test Charts
11 Transceivers Pi-5-147 PZ-5-129
1l Portable Table W PX-7=134
’ . and
i j Pi=T=135

7.2 QCperetion Test

A test sequence similaer to that described in section 2,4 of the
operating maenual is set up., After initially clearing, set cycliang unit to
1 add, end run tarouzh 3 or 4 complecte cycles of the prozram, observing
both the neons on upper panel of Tfunction teble, and nunbers in accunulators,
Push initiating outton, then 1 pulse-l-udd button ropeastedly; when program
ring 1s on secoud (-2) staje, next push of button will cause argunent to
bo sont to function table; next push should cause uwrits ring to move 2
stogos further; socond push after this should ceuso function to bec transmitted
to accumulators and function teblo rings to be cleared,

Aftor this proliminary chock, return cyeling unit to continuous
operation, initially clocar, and run through 100 argument values. At each

stagze of this process the accumulators should indicate the argument and the
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Table 7.2
FUNCTION TABLE CIRCUITS :
—— —ﬁ
Name Position Wiring Static Dynanie
 Ponel Tuhes Test Charts | Test Charts
— - —— =y 1
Top 1 1l and 2 PX-7.119
Upper Funetion 1 11 - 20 PX.7-120 :
Selector PXa7-137 PX-7-138
A and B
Lower Function 1 21 - 40 PX-7-121
Selector
Gate 1 41 - 60 FX-7.122
Top 2 1l and 2 PX-7-126
Gate A 2 3 - 20 Pi.7=127
Gate B 2 21 - 40 PX-7-128
PX-7-139 PX='7140
Gate C 2 4) - &0 PX-7-129
Gate D 2 6l - 80 PX-7-130
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corresponding function as set up on the portable table, To check -2 and -1
arguments, set function tablo program switch to -2 and initially clear; then
function shown for O argument is that set on -2 row of switches and that
shown for 1 argument is that set on -1 row (Note thet, since correction
pulse goes into argument accumulator at beginning of cycle, zero argument
cannot be transmitted immediately after initially clearing; to get zero
argument; either c¢ycle around until argument accumulator shows 100, or pull
out argument input cable at function table), To check 100 and 101 arguments,
set program switch to +2 and cycle around until argument accumulator shows
98 and 59 respectively,

If in the preceding tests the program switch is set to ¥subtract®
instead of 'add‘. leaving all subtract pulse switches at 0", the function
transmitted should be the nines comploments of thc numbors sot on the

switches,

7.3 Jest Procedure

7.3.1 Rings -~ frequency

To chedk frequency tolerance of rings, pull out titbes specified
and feed wariable oscillator output to pin B8 of socket from which tube was
removed in case of argument register; pin 5 in case of program ring; use a
series condenser; other side of oscillator output goes to ground, Connect
oscilloscope to any convonient static output; these points are the ones to

which are comnected wires in the cable going to neon bulbs on front panel.

Rings should count at frequencies up to 180 ke,
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‘To test ring | Pull out tubes
v R

7.3.2 Rlngs Vcltage Tolerance

Use aedaptor niade for this purpose together with variable power
supply; rings snould be cycled continuously at 100 k¢ using variable
frequency oscillator as in checking frequency tolerance. Rings should
count at volteges from 120 to 300 volts.
7.3.3 Oscilloscope Chsck of Function Table Outputs

Ashadditional check on oporation, sot uphcontinuous prograi, - No
argument is used, Obsorve ocutput by plupgging triple connector into output
socket, with a tray load box pluggod into ono of the thrce outputs; the
scope probe cen thon bo inserted in one of the other outputs. With progream
sct to 0 dnd "add", the number of pulses observed on oach channcl should be
the same as the numbar sot on the corrosponding switch, Operation of
subtract pulsc switches can be checkod by observing appearance of 1' pulso
on an output channcl when corresponding subtract pulsc switch is sot to
"S", On PM channols, 9 pulses should appcar if either tablc or master
switch is sct to "ii". PM positions on constant switches are most convea
niently checked by obsorving result of changing corresponding master PM

sw;tch from "PM" to "M or vicc vorsa,

7.4 Trouble Shooting Procodure

In the following list will bo found & numbor of cascs of abnormal

operation toyethor with thsir probable causcs and remedies, Boforo making
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any other tests, see that no switches are set half-way botwesn dotent

positions,

8.

Ce

Ee

All rings opcrate continuously - may be defective transcoiver;
cheek to sco if any transceiver ncons romain on, If only

one remeins on, roplece defcetive unit, If more than ono
ruimain on, check cloar gatcs (A48, B48, C48) and clear tubes
(A4S, B49, C49); also initial cloar buffer (D48),

Progrem ring cycles continuously but argumcnt ropister

remains clsarcd - check ropeater input pgates (D4S, E49, F49).
Program ring fails to cycle - chock as in b, above; also
check pulsc former tubecs (G49, H49, J49). Also check ring
tubes, particularly if ring stalls on any oxcept first stego,
Arpument is not reccived but shifting takes place normally -
check tubss K48, 148; if only onc digit of argumosnt is
rcceived, chzck D42, H42,

lloither argument nor shift pulses recoived - chock pulso
formors (B42, C42, A4l; also J42, K42, L42), Chock ring tubes
if this fails; if ring stops on any oxcept first stage (zero
position), it is almost certain that a ring tube is defective,
Zrroneous transmission or failure of transmission for ten

ad jacent ergument values, others OK - check corresponding
selector input zates (on top chassis of panel 1),

Erroneous transmission or failure of transiission for all
arguments having a given units digit (for example, 8, 18,

28, 38, etc.) - check vertical drivers (row 28 on panel 1),
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Coubination of f, and g. ~ chock 807 socloctor tube at ianter-

section of defoctive row and column,

No number trensmitted on a given digit channel - check tubes

corresponding to that dizit which eppear in block marked

"table controlled digit output cheann2l® or "master switch and

constent transmitter® on drawing PX-7-118, If P channel

is defectivo, checik corresponding tub.s.

Foilure of a given figure to be transmitted on any chenmnel -
tubes on

check corre5pondingApanel 2 (sce block marked “output gates

and driver circuits" on drawing PX-7-118).

Spurious transmission on m given digit channsl « check

corresponding output gutc inverters and output gates.
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VIII, CONSTANT TRAHSWITTZER AND IBi READER

8,1 Circuits of thc Constent Transmittor

The following tubles give the drawings pertinent to maintaining
the constent transmitter, PX<11-301 shows thc location of the various

plug-in units ond chasscs,

Table 8,1

PLUG-IN UNITS

Number Used Name Wiring Test Charts
— S, S— —_——— b
30 Transceivers PX.5-147 PX-5-129
2 Pulse Boosters | PX-11-115 PX-11.125 |

8,2 QOperation Test

An operation test is described in section 2.6 of the operating
manual, The actual test cards (with nines punches)wshould be used here
since (due to the "1", mam, w2te  and 4% channels)the constant transmitter
may operate correctly with certain numbers but not others.

The various program controls cen be checked by repeating the
above test and successiwvely using different program controls,

Note that the Pl cirouits of groups Jip and XKjg were originelly
wired so as to provide tha correct pulse automatically. This would mean
that negative numbcrs would be set up as comploments with respect to 107-1,
The various manuals instruct the oporator to szet up nczative numburs as

complements with rosvoct to 10". This means that thc tubes A'29, A'30, A'70
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Tabls 8,2

CHASSES' AND RELAY CIRCUITS

Name o 305}t¥9ﬂp_ L Wiring Static Dynamic

Prnol Tubeao Tcst Charts |Test Charts
Top 1 l end 2 PX~11+101. PX~11-121 PL-11=122
Gato 1 4] . 850 PX~11-104
Top 2 1l and 2 PX-11-101B
Gatc A 2 10 - 20 PX-11-108
Gatc B 2 21 - 40 PX-11-.109 PX.11-123 See note

below
Gate C 2 41 - 60 PA-11.110
Gatc D 2 61 - 80 P¥Y-11-111
Rolay Strip| 3 PX-11..118
|

observed on an oscilloscope,

Note thut there is no dynamic test schart for panel two,

These

circuits, being relay controlled, operate too slowly to be
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A'T71
andnshould be removed fram the constant transmitter, Note that these tubes

are shown on the wiring diagrams but not on the block disgram, PX-11-307,

8.3 Possible Failures in Constant Transmittor

Possible faults, their probable causes and .cures, are listed

below,

a, Failure to transmit enything on one digit cheonnel, regordless
of group usod - checic corrosponding column of tubes on gate
chassis of pancl 1 (sce cross-section),

b, ZErroneous transmission of one digit in e norticulor group -
check corrosponding matrix gate on pancl 2,

¢, Erroncoug trzneniscion of onc dipit in several groups -

chock corrasponding puvlse gate inverters on panal 2,

8.4 The IBM Reader

If tho operation test shows failures which are ot caused by
tube failures such as indicated above (soction 8,3) then the relay circuilts
should be cheocked,

A crank can be used to slowly turn the roamdcr through a card
cycle and somoone can watch the coding reclays CC; to CB on the schematic
diagram on PX-11-118) and the digit relays (see PX-11-309),

If ell these relays operate propurly but the constant transmitter
doos not transmit the propur number then the gate chesses chould be rochecked,
and porhaps a static tost (using tho static test chart) is indicated.

If the coding rolays do not operato properly chocl the coding cems

in thc reeder {or call an IBM scrvico man to do this),
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Also chock the IBK recder plug-board for o loosc connectlon in
casc of fallurc in onc channcl,

Far goneral failuros in tho IBM roader call the IBM service man,
In all such cases it is the responsibility of the maintenance personnel

to definitely locate the failure as btelang in the I3M roader propor.
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IX, THE PRINTER AND IBM PUNCH

9.1 Circuits of the Printer
The printer contains no Plug-in units, The gate chasses aend relay

circuits are listed in the following table,

Table S,1
PRINTER CIRCUITS
Nameo Position Wiring Tost Charts
Fanol Tubos
Gatc A 2 3 - 20 FX-12-104 Static:
PX-12-111
Gaeto B 2 2l - 40 PX-12-105
gate C 2 4] - 60 PX-12-106
Gato D 2 8l - B0 PX-12-.107
Relay Strip | 1 and 1 .80 PX-12-103
3
IBM Punch PX-12-112

9,2 Test Progcedure for tha Printer

Inspoction.of PX-12-307 shows that thc printer contoins a tube for
cach digit in oach column of the card bosides the PY circuits, This means
thet any systomatic check of the printur must involve the transmission of
all possible digits to all the accumulators (or master programmer) from which
printing'is done and a card printed after cach transmission. Since it is not
ndvisable to punch the semc number in all columns of a card a testing
soquonce similar to the following is suggested.

Cards should be prepared as follows., In some ten digit group, say

corrasponding to Ajp, in the constant transmitter, the following numbers
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sheuld be punched,

(1) P 0123456789
(2) P 1234567890
(3) P 2345678901

(10) P 9012345678
(11) M 0123456789

These cards arc then placed in the IBM reader end the programming

arranged as follows:

1) IBK roadar roads tho first card,

2) The numbers of Arp ore transmiticd to all accumulators which
perticipate in the printing, It is also suggested that at oach
card rouding onc's be transmitted into all docades of the
master programmcr which participate in the printing,

3) The printer prints thc numbor in the accumulators end the
master praogrammer,

4) The accumulatore ars sceloctive clearcd.

5) Ths process repeats until all the curds have boon reed.

Note, that if, duc to the typo of problem on the EiHIAC, it is

inconvenient to selective clear all the acounuletors inveoived, the cards for
the reeder nay be prepered os followss

{1) P 01234 56789
(2) P 11111 11101
(3) P 11111 11011
(4) P 11111 10111
(10) P 01111 1111
(11) P 11111 11111
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The cards punched in the above test mey be compared visually op

they may be compared with a standard set in the reproducing punch,

9.3 Iypes of Pailure and Remedy
1) Failure of motor generator on punch
a) Check a-¢ powor supply.
b) Check intercomnection to ENIAC,
2) Failure of punch to operate when programmed,
a) Card magazine empty.
b) Card hopper full,

¢) Failure of starting circuits in initiating unit,
(see Chepter I1I),

d) Failure of starting relay in printer (PX-12.103),
®) Failure of punch starting circuits (PX-12-112),
3) Punch continues to operate.
a) Starting circuits in initiating unit (see Chapter II),
b) Check reset cam in punch (PX-12-112),
4) Punch operotes but fails to feed a card,

a) Chook condition .of bottom card in megazino,.

b) Possible mechanical failure in fesd mechanism. Call
IBM service deopartment,

5) Punch fails to dunch card,

a) Inspect digit relays (PX-12-103) back of penels No. 1
or o, 3 to soe if those pickeup, If these pick-up and
card is not punched then failure is in IBM punch or
interconmnection cable, If thesc fail to pick-up then check

starting relay (PX-12-103) and interlock cem, If these



6)

7)

8)

pick-up but fail to hold check holding cam,
Fails to punch in a particular column, Chock the corres-
ponding tube, rolay, or jumper connoction on plug-board,
(Svo PX.12-104 to 107, PX.12.103, PX-12.305.)
Multiple punches in somoc columns. Check against multiple
program pulscs circuleting in the ENIAC, Chack tubes in the
associated columns,
Intormittont oxtrancous punchings, Check nsaoclated relays
for spring tonsion. Vibrution may causo the relay to

gradunlly pick up.
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10.1

X. MASTER

PROGRAMMER

Circuits of the Mester Programmer

hid
i =

Note that 10 of the master programmer transmitters are located on

the cycling unit, see PX-1.301.

The follawing tambles give a list of the

plug-in units and chassis circuits of the master Programuer,

Table 10,1
! PLUG-IN UNITS :

Number of Units Name Wiring Test Charts

20 Decede PX-8-101 PX-8-125

10 Program PX-8-103 PX-8-123

10 Pulse Former and PX-8.104 PX-8-124

Carry-over
20 Transmitter PX-8..105 PX-8-122
10 Stepper PX-8-112 PX-8-126
Table 10,2
CHASSES CIRCUITS
Name | ~  Position | Hiring Test Charts
Pansl* Tubes
—=J; :F — o—
Stetic:

PX.8-1204

Gate 1 and 2 41 - 60 PX-8=106 PX-8-120B

PX-8-118

Dynamic:
PX-8-121

S

¥Note that the two panels of the master progremmer are identical in their

functions.

Thus the zate chasses are ldentical on the two panels.

Howevar,

the plupg-in units are not arranged the same, some being on the oycling unit

panel,
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10.2 QOperation Tests

lost tcsts can be made using only tho initiating pulse,

8. Initially clcar. Focd initiating pulsc into cach decade direct
input in turn. Decades should step once for each pulse. If next
decade to the left is coupled to the one being pulsed, it should
Step once each time decade being pulsed goes from 9 to 0. VWhen
decades associated in a group register number set oin top row of
decade switches, they should ¢loar on next pulse,

b. Make some test on steppers, using stepper direct input. Check
operation of stepper c¢leer switch by sotting to various positions;
stopper should count up to position corresponding to switeh
setting and thon clear back. Since cloaring is done by CPP only
1 add time after coincidonce, it appears to be causecd by pulso
which puts docadcs into final position.

c. Check stopper dircct clcar input by first running stepper up
to some stage othor than first, as in (b), and thon pulsing
stepper direct cloar input. This should clcar stcpper.

d., Check overall oporation of cach stepper by focding pulses to
regular program input, Decades associated with program in use
should register each pulse, and aftor a number of jsulses cqual
to numbor sot on top decade switchos, docedes should clear and
stoppor wove up. Similar action should take placc for zach of
the six stopper stegos and cach of the six corresponding sets of
decado switches.,

®, To check outputs, use samc proccdure as in d,, and feed output

to another progrem input. Output pulses, one for each input pulse,
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shouid be obtained as long as stepper is on stage corresponding to

ortput being used; when stepper moves up, pulses should be obtained

from next output, ete,

-

fo If it is desired to check operation et normal speced, a continuous
program can be set up using two celective clear transceivers, food-
ing output of sach into iaput of the other, and use this scries of
pulses in tests d. and o, above, Outputs may, if desired, be
obzerved on oscililossope.

10,3 TIrouble Shocting

Several possible faults arc listod below, together with their probable
causes and curcs,

a. DecCadc or stopper fails o cyclce and will not cloar to first or
zero stapge - replace decade or stepper,

b, Decads clears but docs not cycls - replace pulse former - carry-over
unit,

c¢. Decades initially clear but fall to c¢lear on reaching ceineldence
with switch settings - check coincldonco gates, parullel getes,
stoppor output inverters; if none of these ere at Fuult roplace

progreanr pluj~in unit,
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XI,  A.C, EQUIPLENT AND POWER SUPFLIES

11.} Introduction
This chapter covers the following topics:
1) A.C.vower and control system.
2) Starting sequence.
3) Power supvwlies, bleeder, eand condcusers,
4) Common failures.

5) Ventilating system maintenance,

11,2 A,G. Power esnd Control System

The complotc dia_raem for %ths powcr and control wiring is showm on
drawing PX-1-101, Tho rack from which the ;i,C. power is distributed to
the EiIAC heaters, to the fans and to the power supplies is shown on PX-1.304,
Simplified wiring diagrasms of thoe power systen and control circuits are

shown on the following:

PX-1-303 Power System Block Diagrem
PX-9-307 Cycling Unit and Initiating Unit

Block Diagram.

11.,2,1 Fuses

Fuse sizes are shown on the drawings as follows:

A.C, liain Fuses PX-1-101
Power Supply Heater Fuses PX-13-111
Fower Supply Plate Fuses FX-13-111

D.C., Circuit Fuses P{-13-102
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These d-¢ circuits and the power supply heater circuits use
festern Electric alarm type fuses in the following sizes: 1/4 amp, 1/2 amp,
113 amp, 2 amp, 3 amp, and 5 anp., In certain caseg (those marked 58 on
PX-13-102) the g regular ampere fuse was found to be inadequate, Western
Electric Company does not manufacture these fusss in larger than 5 ampere
rating. The 55 fuse is made by refilling & 5 amp. Western Electric fuse
(catalog No. 35H)with a new link of Advence elloy round wire, 0,0126 inches
in diameter,

11,3 Starting Seguencs

Drawing PX-1-112 is a chart designed to aid in locating troubles in
the main power sources which mey develop during cither the starting operations,
or during running operation but affecting the main power sources or
auxiliaries (fans),

;n using the churt it should be remembered that since ecach step
is dependant on the previous step, the peint at which the sequence fails should
be determined so that possible troubles beyond that point nced not be
investigated.

When trying to locate trouble which has turned the ontire machine
off cortain safoty switchcs on the a-c distribution pancl should be opened.
This prevents eny testing (by going through portions of the starting
sequence) from subjesting the tubzs to numorous hoatinz and cooling cycles
(which would incr.asc the probability of failure of the tubes), If this:is
done certain protective rolay circuits may be shunted for tosting purposes
without endengering the ENIAG, Furthermore, the control wiring, contactor and
relay edjustint, and entirc starting sequence may then be testod without
turning the main power on provided the under-voltage relvasc and phase

failure rclays arc shunted,
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11.4 Powor Supplies, Bleeders, and Condensers,

The following drawings show the wiring from tho a-c sources shown
on PX-1~101 through the powar supplics to the roint whirc the d-c terminaetes
at each unit as notod,

11.4,1 Supplics
PX-13-104 Stendard Power Supply Wiring Diagram
PL-13-108 Powor Supply and VWiring Diagram

11,4.2 Blecders

PX-13-106 Power Supply to Blceders Interconnections
PX-13-112 Bleedor Wiring Diegram
PX-13-102 D.C Voltage Chart (shows blooder to d-c

vencl conncetions)
11.4,3 Condensors

PX~13-102 D-C Voltage Chart (shows d-c panel to
condenser comnections)

PX-13-109 Power Supply Condenser Wiring Diagrem
11.5 Common Failures
11.5.1 D-C Undervoliage

If, after attempting to turn the d-¢c on by depressing the d-c

start button, the d-c Lrips off at the end of the 10 second initial clearing

period, usually the trouble is caused by an undervoltage from one of the
28 power supplies (undervoltage in supply Z will not trip d-c). Proper
procedure to locata trouble is as follows:
l, Turn d-c on again by d-c start button and check power supply
Tuses by observing neon lamps in top of d-c¢ fuse cabinet,
2. If 1. does not detect the trouble, place a junper across the

series stop circuit which runs through the under voltage relays



XI .4

(relays are located in one of the by-passing condenser

cabinets). Turn d-c on again and note which relay fails to

hold when pick-up relays drop out. QGaution: 1500 volts d-c
potential on soic relay contacts. Check corresponding power
supply for a +uvc with a faulty heater. Caution: After replacing
& power supply tnoe allow 1 minute warm-up time before turning
d-¢ on,

3. If no tubes are faulty check line fuses in power supply fuse
panel, by removing pull-out block, and testin. with an ohm-
aetor, or sowe other contunuity checking device.

4, Do _Hot forget to remove jumper across undervoltage rolays,

11.5,2 D-C Fuse Failures

Quite frequently the operator forgots to set the gperation switch
on ‘Dontinuousbcforc turning on the d-¢. This will result 1ian the blowing
of a d-c¢ fuse.

Locating a blowp d-¢ alarm fuse is usually not difficult, for these
fuses havs indicators which stand out whon the fuse has blown, Occasionall&.
howover, the fusc wirc may stretch, but not break (if it is oporating noar
its rating) permitting the alarm contact te close and tripping the d-¢ off.,
In such cases, a persistant and close inspection may be requiped to locate
the offending fuse, The correct sizes of fuses are shown on drawing PX-13-102,

Under certain conditlons, on turning on the d-c the machine will
trip off befors—complation of the 10 second period due to blowing a d-c fuse,
“4s blown fuse iay te ceused by en undervoltage in one of the d-c¢ supplies,
:ad it is suggected thut this possibility be investigated before assuming

+hat the troubl: is in one of the ENIAC units.
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11,5.3 D=C Undervoltage Rolcasc Rolays
PX-13-113 shows the Connoctions and arrangement of these ralays
which are located in the by vassing condenser gabinet end connectod to tho
d-c at that point.
11,5.4 D-C Pancl to ENIAC Units
PX-.13-.102 D.C Voltago Chart
PX-13-107 Chart for D-C Wiring in Power Trough.
This chart will aid in dotormining what
voltagc appears on cach terminal of the blocks
locat.d in the power wiring trough.
PX.13-115 A and B D-C Wiring in Power Trough.
Thosc drawings enablo ono to tracc each voltege
from the panol to the various terminal blocks
at the ENIAC units on which it appears.

11,5.5 Roplacencnt and Dosign Data

PX-13-103 Powar Supply Dreins

PX-13-104 Standerd Power Supply Wiring Diagram
PX-13-108 Power Supply 2 iring Diagram
PA-13-109 Power Supply Condenscr Wiring Diagram
PX-13-110 licasurements on Chokas

PX-13-111 Power Supply Data Chart

PX-13-112 Blccder Wiring Diegrem

PX-13-114 Povier Supply Specifications

PX-13-116 Power Supply Replaccmcnt Part Test Data.
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11.6 Ventilation Systoem
11,6.1 Fans

The fans used in ventilating the ENIAC are American Blower
Utility Sets Mo, 250C,

l. Sveed adjustment.

Each fan unit is equipped with adjustable motor sheaves, The
speed of these units may Ue increased by edjusting the motor shesve until
the Jdesired air delivery is obtained., 7o increase the fan speed (correct
speed is 770 RPH) the moveble flange of the motor sheave must be turned
toward the fixed flange, An Allen wrench is provided to loosen the sect-
scrow locking the flango. After the flange has bson turned the roquircd
anmount, tho sotscrew should be tigatcnod locking the flange in place,
Caution: The flange must be in such a nosition that the locking screw
rests on the flats and rot on the throaded protion of tho hub. If nocussary,
the bolts should e adjustosd as deseribed below, A1l st screws should
bu carefully checksd and tipghtencd at least four tilues por year.

2. V-Bclt Drivos

Belt tension should be justsufficient to eliminatc excossive
Sag on the slack sido. To adjust the belt tunsion looson the bolts helding
the motor mouating plate to the vibration dempencrs, The mounting plate
mey thon be moved vertically up or down to the desired position and the
bolts tightenod. On unit, Model No. 250Z, the motor may resdily bo moved
horizontally for miaor belt adjustmonts.

To replace b.1lts, romove tho belts from the sheaves, thin romove
the belte frow the enda of the bearing support, tilt the bearing support

member until belts can be removed and the replacement made over the ends of
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the support member. Belts may also be replaced by removing bearing cap and
rulling belts through the shaft hole in bearing support,

The following are typical V-Belts to be used for roplacing belts
which may become worn or may break: Dayton 438, Thermoid No. 1400, Brovming
VRA-FIIP.138,

3. lotor Bearings

The fan motors are provided with ball bearings. Ball bearings are
fillea with grease before leaving the factory, Thic grease should be re-
plenished each six wonths,

Groase should be apnlied to the bearing from tubes which may be
obtained from the Fafnir Boaring Co, or local ball bzaring distributors.
High pressure srease guns forcc too much greass into the bearings and through
scalas and thercfore should not bo uscd. Use only greasc having the follow-
ing genoral specifications:

1, Consistzncy a little stiffor than vascline maintained with

minimun chengc over ammbisnt temperatures encountered,

2, Mslting point »preforably above 150° ¢.

3. Frcedom fron senaration of oil and soap under operating and

storuge conditions,

4, TFrocdom from obrasive moticr, acid and alkali,

The following sreascs or oguivaleonts ure rcecoananded: Keystons 44,
Mazster M31, Alemite 38,

4. Fan Bsarings

Fans are equipped with self aligning sleseve bearings of the bronze
bushing type. The oil is distributed by means of zrephite pucked o0il grooves.

Do not remove this graphite. Do not insert any pipiug or pipe fittings
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betweon oil cup and bearing. Fill the bearing with a good gronde of mineral
oil of SAE viscosity No. 40, To £ill the oil resorvoir of fan bearings,
place nozzle of oil can in the bottom of the oil cup, forcing in the oil
until the reservoir and cup are full, For room temperature 100° F or ahove,
use SAE No. 50 or 60. This typc and grade oil is the some as used in
outomobile motors, Inspect bearings mt least onte every 30 days,

5. Failuro

Should a single fean stop, this will probably be caused by a fuse
blowing in the fan cirecuit, Theso fuses cre located in tho fen pcnel -
sev drewing PX-1-304. The fuses used to protect tho fans from overlonds
aro speciel, but readily available, Thsse fuses arc Bussman Manufacturing
Company's 6,25 amp 230 Volt Cartridgo Type Fusotrons. Only fuses having o
thermal time delay charccteiristic and roted at 6.25 omperos should be
used for thesc fans, Othorwise all motor protection {donger of burning-
out windings) is lost, Another acceptable fusc is Shewmut lianufacturing
Company's "Therinatrip.

Should tihocse fuses blow a sscond timec aftor having just been
repluced, the motor should be inspected for causes of overload such as lack
of oiling, worn bearings, tight belts, ete., und for grounds,

All fens stopping at once may be ceused by & failure of the fan
source of power caused by fuse operation, or manual opening of one of the
circult safoty switches located on the a-c distribution rack and in buck of
the mathinery leboratory switchboard, Pan power is unhregulated and is

separate from ENIAC power - sac PX-1-101.
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11,6.2 Air Filtors

The air filters uscd in thc doors at the resr of the EWNIAC are
Dustop" air filters es manufacturcd by the Owens-Corning Fiberylas Corp.
Similar filters by other manufacturcrs may be used but eerc should be teken
to select a filter which uses a fireproof adhesive similar to the Lindall
adhesive used by Owens-Corning Fiburslas Corporation,

Two sizes of filters are used: 10" x 20" x 2", and 20" x 20% x 2*,
two of the foriier being used only in those places where one 20" x 20% x 2"

cannot ve conveniently instaelled, i,e., in the bottom inlet on the two

inlet doors, and in the two bottom inlets on the three inlet doors.

In the koora School installation the 20" x 20" x 2" filters are
also used in the fresh eir inlst chanber,

The froquency of changing the filterc depends on prevailing dust
conditions and can best be determined by exanination and exporience, 4An
indication of the filter's condition can bo obtained by the temporature
guages in the ducts above cach unit, #ith new filtors, the tcmperature
rise in each unit will bo approximately 119 F above room ambiont. Should
s congidorably larzor rise occur, and visual cxamination of the filter
indicates that they arc quite dirty, they should be changed.

11,6.3 Door-of-Unit Dampers

Thosc dampors aro those which edjust the flow of air through the
above mentioned mir filters. Tests have proven that for uniform temperature
to cxiet within the cabincts, 75 Yo of thc air should cnter through tho
lowor intake, and 25 % through tho upper. The dampers should bo adjustod
accordingly, with thc finz of the dampers so adjusted as to drive the

incoming air toward thc bottom of ths cabinet, All fins of any one dampor
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should assums tho seme englc so as to insurc the uniformity of tho filter's
dust cellsction,
11,6.4 Rocirculating Dempers

The ventilating ducts arc arranged with auntomatic dampers which
tond to keep the ENIAC room et the timporature set on the conirolling thermo-
ctats (the two thermostats which arc set on the building wall behind
accumulators 9 and 15). The dampers are so arranged that when the room
temperature rises above thermostat setting, more air will be exhausted
to the outside and less into the room and vice versa,

The wiring diegrem for this system is shown on drawing PX-1-101,
The manufacturer's (kinneapolis-Honaywell Regulator Co.) cutalog numbers
are also given on this drawing. 1In the diagram showa it may heve been
necessary to interchange the B and W wires to obtuin proper operation.
The location of tiic damper motor c¢irecuit fuses is shown on drawing PX-1.304,
11.6.5 Secrvice Reguired by Recirculating Damper Motors

Inesmuch es all moving perts of the damper motor are immersed in
0il, periodic lubrication iz not necussary. The cover should be left on the
motor a2t all timos to protect the motor from dust and mcchanical injury,

It should be noted that tho balancing rolay armaturs is adjusted
to "make" contzct on one zide when the relay is de-snorgized,

411 sct scruws on the motor-to-dampor linkages should be chocked
oncs cach montii.

Listed below are causss and effects of certuin conditions which
may axist in thc control circuit.

1, Broken red wire or blue wiro in coatrol circuit: Motor will

rua to the closed position and stay therc,
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2, Brokon whitc wire in control circuit: Motor will run to the
open position wnd stuy thore,

3. Loosoc or dirty contact on control potontiometor: Kotor will
run to {he close position whoa the wiper on thu control
potontiometer is .t & position whero a poor contast is
cstabliched,

4, Insufficiocnt voltege: The sensitivity of the control circuit
will be roducsd, and tho power of the motor will be materially
leessoned by & voltaps drop,

11.6,6 Room Thcrmostates

Sctting of Room Thormostuts. T-92A - Turn timperaturc sotting
scruw on top of tavrmostat until indiecator peints to the desired avorage
room teomperature on the senle.

Adjustaunt of Room Thornost:is. Factory calibration - All
thermostats are carerfully calibrated at the factory and no attempt should
be made to chenge any adjustaent othsr than those mentioned under “Settinz"
uialess the thernostet is found to he out of culibration after heing in
actual onzration for sewveral hours,

Thermostats with neon-adjustable differentials (TS24) aroc
calibrated so that the sliding coatact is at the center of tho potentiometer
coil when the room tempsrature is ogual to the sctting of the indicater.

Cars must bu oxorcised in chocking tho adjustment of those
thermostats since icat from the sotentiomutir coil affcets the thermostat
calivbration and the reaiing of the zovuy thormometor (if used) to the cxtent
of about 3°, The thormostat should thcrefore not bs checked umtil it has

boen in opsration with the power on and with the cover in placer for at least
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an hour., To chsck the adjustment, (this should bo donc as quickly es
possible, before the heat from thi potent lometer can be dissipated, and to
prevent heat from your hands or breath from effecting the celibration)
remove the cover and set the indicator to the room temperature as indicated
on the cover theruometur or other reliable thermometer placed near the
thermostat. Then ouserve whether the sliding contuct is in the proper
position (sce preceding parazraph), If it is not, turn calibration screw
(on bottom of thermnostat) to the right or left as necessary to correct
the adjustment (turn to the right to move slider to the right). Each
1 1/2 turns is equal to approximately 1°,
11,6.7 Thermostats for ENIAC Protection
These temperature controllers are of lilnneapolis-Honeywell

Regulator Gompany's manufacture and are rated as follows:

Romote Bulb Controller

Catalog lio., T-615A

Rango +65° to 140° F

5 ft, Tubing with Bulb

Method of Sctting and of Adjusting
at top of box
1, Turn z=djusting scrowryntil the indicator on tho outside of the

cose is opnosite the desired "cut-out® tompercturo, *R to W" ¢ ontacts
mak. on tumperature rise - "R to B® mokcs on temporauture fall. Sceale
divicions are warksd numorically. Yach Farenhvit division (on the lof't)
(s} 3 . PR Ry PR - o o] '.'hG
wquals 10° end cach Centigrado division (cn tha right) oquals 5°. 1%
notations "LM and "H® roproscnt the low and high eond of the scal: range.
2, On T6154 Controlloer, the difforcntiel botwoon cut-in and

cut-out tumperaivuros mey be ineroescd by turning adjusting screw to the
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right, which raiscs the indicator from "A' towerd "HY on tho differential
scalc. The equivalent number of degroos for cech division from 4 to H
vorios with cach scale range and with the point at which the indicater on
the main scale is =zct, The approximate values howovor aro as follows: If
tho main scale indicator is set near the low ¢nd (65° F) each division
from "A" to "H® oquals approximately 3 2/7°, at tho high end each division
cquals approximetoly 1 3/7°,

For diroct acting controls, the cut-in temperature plus tho
difforentinl equzls the cut-out tomporature, cnd for rovorso acting controls,
the cut-out temperature plus the differential equals the cut-in temperature,

Mercury Switeh Adjustment: If the operating differontial of the
controller is considerably smaller thua that for which tho indicator is
sot, the murcury switch may bu out of mdjustment., This sometimcs occurs
when o broken switch is replacod, Before making eny cdjustments, however,
be sure that the difficulty is not due to the contreller being "off level.®
Notc the lsvel indicator,

The cdjustment may be cheeked as follows: Set the differential
indicator npproximstcly at mid-sesle, and the temperature indicator so
that tho operating lever rests lightly cgzinst its upper stop. Pross down
on the left hend ond of the operating lever until it is about midway
between its uppsr ond lower stops and just touches the differential lover.
This movement should not cause the mercury to change ends in the switch,
Further downward pressure on the operating lever will force it to the
lower stop carrying the dirferential lever with it and will cause the switeh
to tilt and shift the mercury. Now, allow the operating lever to slowly

return to midway between stops and note that the mercury sihould not shift
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its position. Allow the operating lever to return to its upper stop and
the switch should tilt back to its original starting position.

If the switch does not oporate in this manner, turn the eccentric
screw slightly to the right or left as necessary and re-check as outlined
above,

To Replace Mercury Switeh: Note that the arrangemcnt of tho
contacts and flexible loads and muke sure thet thoy are in preper position
whoen the new switch is in place. Uso the point of a knifo to pry tho
switch ¢lip loosc from the mercury switch - ncver attompt to broak it loose
with your fingers. Wrap two layors of friction tapc around thc switeh to
take the place of thc ambroid comont bofora placing the switch in tho clip.
Chseck the adjustment as outlined above,

Correct Temporaturo Sctting of Thormostats

The corroct cut-out tomperaturs is 120° F, for the ENIAC units,
The vontilating systom was dosigncd to pormit approximately 11° rise ovor
enbiont temperaturc with now alr filters. This would permlt satisfactory
oporation on days during which tho ambiont tomperature was 100° F allowing
a sofoty mergin,

Tho cquipment in tho power supply and bleodor cabincts will not
be cndengerod if the temporaturc riscs 20° P, and so the thermostats may
be set up to 130° F if found nocossary,

Tae absoluto moximum tomperature to which any of the vontilated

cquipment can bo sefoly subjocted is 180° F, including tho thormostat bulb
cnd duc considcration boing given to tho possibility of "hot-spots' it is

folt ihat the aforomontioncd settings arc reasonablo,
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12.1 List of Test Equipment

Item Drawing Quantity Remarks
E— J— - = D e SEE RIS R —— P
Bench PX-2-120 1 2-111 signal wiring, 2-112
2-121 power wiring, 113 switch
2-111 panel, 114 fuse and by-pass-
2-112 ing, 120 transformer, 121
2-113 tube panel.
2-114
Power Supplies PX-2-102 6 supplies PX-2.102
2-103 1 2 supplies PX-2-103
2-104 1l bleeder PX-2-104
—— R - . e ]
Synchronizing Unit PA.2-115 1 Front Panel PX-2-115
2-108 Wiring Diagrem PX-2-108
Synchronizing Unit Supply |PX.2-107 1
Test Oscilloscope . | PX~2~110 1 Includes probe with 4 detach-
j sble cnds. Connects to Syn-
1 chronizing unit by cable.
—_— —_—— . U [ S
Test Cscillator FX-2-117 ! 1 Connects to synchronizing
| unit by 1 conductor cable,
Variable Power Supply PA-2-118 1 Connects to bench by four
conductor cable,
HiPot Supaly Z-2-119 1
SR | -
Tube Tester IPX-2-116 | 1
Voltohmist Jr, 1
Sinpson Meter 1
12 Conductor Shielded Cable 2 Connects only into sockets
| marked "S°,
{
12 Conductor Non-Shielded
Cable 5 3 connect synchronizing uait
to its supply.
4 Conduvctor Connsction 2 1 connects variable supply
Cable to bench.
"2 Conductor Connection 1 Connscts syncarenizing
Catle suuply to AC
[~ 12 to 10 Conductor Spccial 1 "1 To connect pulse amplifier
Cable to beach
Load Dox with 2201 TX-4-103 1 For output Toad on pulse
resistors amplifier.
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12,1 List of Test Equipment (cont'd)

Item Drawing | RQuentity Remarks

Tube Circuit Flug-ir

Teeter 8

Plug-in Unit Pullers 2 For use in removing units
ifrom ENIAC,

Current Flow Test Set 1 Used to adjust relay-
consists of tool box and

_ contents.

Static Tester FX-~2-109 1 For use with static test
charts for ZNLAC panel.

300k of Photostats of 1 Plug-in unit drawings.

Wiring and Test Drawings

; jervice Logs 3 1 for ERIAC, 2 for units.
| Push Switch and Cord 1 For munueal pulse devicos,

Screwdriver 1

Diagonal Cutters 1

Long ilose Plicrs 1

Soldering Iron 1

Variable Power Supply For commecting variable

adaptor 1 power supply to lultiplier,

Cveling Units, and Function
Table panels,

12,2

Dascriotion and :airtenance

The following chart (Tavle 12,2) lists the uses of the outputs

of the syachrenizing unit illustrated in drawing PX-2-302 as used in

testing the plug-in units as illustrated in drawiag PZ-2-301,




Table 12.2 7
Plug-in Unit Drawing Fixed Scope Variable Train
Viring Test + -
P and Clear Unit PA-5-108 PX-5-127 Clear Tubes Trans. Tubes | PK Counter
Acc. Decade Unit o 5-133 “5-126 Carry Out Trans. Tubes | Riag
Acc. Transmitter Unit 5-147 5-129 Sets F.F, Reszets F.P,,
transmitter
Ace, Receiver Unit 5-148 5-128 Sets F.F. Resets F.F,
iice. Repeater Unit 5-149 5-130 Ring (if Ring (if no
trans. uscd) trans. used)
iult, Buffor Uait 6-107 6-130 T Drives buffem
¥.P. Decade Unit 8-101 B.125 + and = tren operate MFPF
' unit
K.P, Program Unit i 8-103 8-123 Sets F.r. Resets F.F. Drives stopped
! gate
i.,P. Pulse Former 8-104 8-124 Drives FPF Drivcs FPF
and Carry Ovor through inve. | direct
A R + —BTun grter
1 1
xTE.P. ‘I"rans...lttcr Plug 8-.105 -12 Drivos trems.
in Unit . gate
¥.P., Stcppzr Plug-in 8.112 8-126 Drives ring
Unit
in Unit $-~102B inverters |
Reeder Interlock Unit 9.103 9-124 |Push button Sets syn.f.f. Resets syn.
sets unsyn. f.f,
F.F,

£ - IIX



Table 12,2 (cont'd)
'__—|__ ——
Plug-in Unit Drawing . Train
Wiring I Test Fixed Scope Veriable + l -
Resder Printer Start- | PX.9-104 PX-9.122 |Push Button Set reader Resets
ing Unit resets and printer . printer f.f,
) reader f.f, f.r.
Initieting Pulse Plupgd 9-105 9.125 |Push Button Sets syn., f.f,
in Unit sets unsyn, Resats both
f.f. f.f, amd
trans. pulse
Reader Transmitter 9-.106 9.121 Sets and
Plug-in Unit resets f.f.
Cycling Unit Delay Drives
Line and Off{ Becat 9_130 9.139 i Piulse Stan-
P.S. Unit i dardizer
eeee - - - S — —
Cycling Unit Oscilla- ]
tor, lianuel Pulser 9-131 9-.140 Push Buttorn
Unit operates
Pulse i
former {
—_t ] ]
Cycling Unit On-beat
Pulse Standardizer 9.132 9-.141 Drives
and Amp-Plug-in unit Fulse Stan-
‘ dardizer
anl Amp.
Constant Transmittor 11-115 11-125 Drivos
Pulse Booster Unit i Buffoar
Pulse Amplifier 4-116 4-118 Drives Input
Buf'fcrs I

Y - 1IX
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12.2.1 Maintenence of Test Equipnoent

Static and dyunamic tcst charts arc provided for the synchronizing
unit and the tost oscilloccopo. Their numbers are PX-2-112 and PX.2-110
respostively. The varieble power supply, the test oscillator, and the
regulated power supplies are essentially of stundard design so that
maintenaince can easily be providod by dircet use of the wiring drawings
given in tho list in section 12,1, The tost bonch is essontielly e wiring
distribution sockot poncl similer in niost rospoets to the socket panels of
thc ENIAC proper., Ths fusing and AC powor control fceturcs aro copics of
similar vguipment for the ENIAC, Familiarity with EITAC maintonanco in
thosc respocts provide ample backgroundt?gggthcr with the wiring diegrams
appropriate to ths test squipment arc all that is noccssary for tost
cquipment maintenance, Howcwer, a word should be addod concerning the
spccial tube chassis in tho tost bench, This chassis contuins a fow
tubcs from the accumulator gato chassis, PX.5-117, sssential to the
coupling of transccivor and repcater plug-in units when jointly operated as
desired in tosting from timc to time (sce illustration in bleck diagrem
PX-2-301), The circuits arc diroct copics of the similarly namcd tubos on
drowing PX-5-117 and no diffieulty in maintaining them will be cncountorod
if this reference is kept in riind, The static pancl tester is essentially
& wiring distribution penel and no particular problems should be encountered
in maintaining it. Its use is descriked in section 12,3 below, The tube
tester contains no spocial equipment mand can best be meinteined with
reference to its wiring drawing. A word of caution on the tube tester,
however, is that when some of its fuses blow, erratic and unusual operation

may occur so that vefore concluding some importamnt failure has occurred,
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the fuses should be checked., The operation of the tube tester is described
in the detailed instructions ongraved on its panol.

12,3 Use of Test Charts

There is providcd a static and dynamic test chart for cach
plug-in unit as listed in section 12.1 and on drawing PZ-2.123, a copy of
which 1s insido the left panel door of the test table. Also listed on
PX-2-123 arc thov names and wiriang drawing numbers of the individual plug-
in units. The description on thc static-dynamic tost drawing for each
unit deseribus in detail the instructions necessary for cerrying on the
test program in sccordance with tho chart in scction 12.2,

For the ENIAC "gete® pancls, those scctionc which aro not
romovable plug-in units, thore is provided static and dynemic test charts
just as thero are for thc plug-in wnits themselves., A list of these
charts is givon in a table at the beginning of cach chapter for the units
of tho ENIAC under the column "Tcst Charts®. A special static testor,
PX~2-109, was designed for usc with thesc charts, By rcference to
drawing PX-5-109 and tho *lcgend® and notc above the penel illustration
on osch static test chart, full information is found for the use of the
static tester,

12,4 Usc of Test Equivment with ENIAC Propor

Tho variable test oscillator, the variable powor supply, and the
test oscillescope provide conveniocncos in tosting the ENIAC.
12.4,1 Test Oscillator

In the cycling unit panel of tho ENIAG thoreo is a socket and
switch providod so that thc test oscillator may replacc tho crystal

controlled oscillator normelly used in the ENIAC. By comnecting the tost
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oscillator, tho ENIAC may bc oporated at faster or slower speeds providing
means of checking the frequency tolerance in built-in rings, and perhaps in
localizing certain types of faulty operation.
12.4.2 The Variable Power Supply

By tho same token, the variable power supply may be connected
into function table, multiplier, and cyecling unit by the uisc of variable
powor supply adeptor, PX-4-120, to provide wveltagc tolorance tests on
built-in rings in the ENIAC,
12,4.3 Tost Oscilloscopo

The test oscilloscope is especially audaptable for synchronization
from the central program pulscs (CPP) of the EJIAC, and a spocial blank-
ing circuit also provides for turning "on" or *off" any section of the
swoep by control of the ccntral program pulses,
12,5 Plug=in Unit Tost Volteges

In most instances the plug-in units arc tested with the voltages
givon on tho wiring diegrams, Howovur, in some casos 1t was oxpedicnt to

tost at difforcent veltegos. Tho table below givos thesc changes.
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Wiring Dingram Tost Table

Plug-in Unit Voltagos - Volteges

Wastor Progrommor Program |  +280 | 180
(PX-8-103) +220 =250

+368 ~105
+460 - 10

+300 -170
Mester Programmer Transmitter + 95 + 20
(PX~-B-105) +150 + 15

+230 +150

Master Cycler Roader Printer

Startor (PX.9-104) +200 +150
Yaster Cyclor =345 0
(PX-9-102) «4'75 -130
-120 +225

-295 + 50

Constant Troansmitter Pulse
Boostor  (PX-11-115) +110 +105
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PREFACE

The Report on the ENIAC consists of five separately bound parts,
as follows:

1, ENIAC QOperating ianual

2, INTAC Maintenance Manual

3., Part I, Technical Description of the ENIAC

Volume I (Chapters I to VI)
4, Part I, Technical Description of the ENIAC
Voluwne II (Chapters VII to XI)

5. Part II, Technical Description of the ENIAC
Included with the Operating Manual and Parts I and II of the Teehnical
Description are all drawings (seu table 0,3 below) which are required for
understanding these reports, The Mzintenance ilanual assumes access to the
complcte file of ENIAC drawings,

Part I of thc Technical Description is intended fer those who
wish to have a general understanding of how the ENIAC viorks, without con-
cerning themselves with the details of the circuits; it assumes ne knowledge
of elcetronics or circuit theory., Part II is intended for those who require
a detailed understanding of the circuits, Its organizeztion, to a great extent,
duplicates that of Part I so &s to muke cross referencing between the two parts
eUSY,

The ENIAC Operating Manual contains a complete set of instructions
for operating the ENIAC, It includes very little explunatory material, and
hence assumes familiarity with Part I of the Technical Description of the
ENIAC, The ENIAC Maintunence Manual includes deseription of the various test
units and proccdurcs for testing, as well as & list of common and probable
sources of trouble, It assumes a complete understanding of the ecircuits of
ENIAC, i.e. a knowledge of both Parts I and II of the Technical Description

of the ENIAC.



The Report on the ENIAC and the complete file of ENIAC drawings

constitute a complete description and set of instructions for operation and
maintenance of the machine, The drawings carry a number of the form PX-n-m,

The following tables give the classification according to this numbering system.

TABLE 0,1 !
Values of Division
n
1 General
2 Tost Equipment
3 Racks and Pancls
4 Trays, Cables, iadaptors, and Load Boxes
5 Accumulators
6 High Speced Multiplier
7 Function Table
8 Master Programmer
9 Cycling Unit and Initiating Unit
10 Divider and Square Rooter
11 Constant Transmitter
12 Printer
13 Power Supplies
) TABLE 0.2
’m
Values of Sub jeet
g m -
101-200 Wiring Diagrams
201-300 Mechanical Drawings
301-400 Report Drawings
4,01-500 Illustration Problem Set-Ups,




The reader of this report will be primarily interested in the types
of drawings listed in the following paragraphs, A table on page 4 gives the
corresponding drawing numbsr for each unit of the ENIAC;

1) Front Panel Drawings, Thesc drawings show in some detail the
switches, sockets, etc., for each panel of each unit, They contain the
essential instructions for setting up a problem on ths ENIaC.

2) Front View Drawings, There is one of these drawings for each
kind of panel used in the various units of the ENIAC, These show the relative
position of the trays and the loeation of the various neon lights: Since these
drawings show the neon lights, they can be used fo check the proper operation of
the various units, |

3) Block Diagrams. These drawings illustrate the logical qssentials
of the internal circuits of cach unit, That is, resistors, condensers, and
some other electrical details are not shown; but complcte channels (paths of‘
pulses or gates representing numbers or program signals) are shown in all their
multiplicity, Thesc drawings will be of interest to those who are interestcd
in Parts I and II of the Technical Report,

h)‘ Cross-section Diagrams, Thesc drawings are elcctronically.complete
except that only one channel is shown where there is more than one, Thus, these
drawings show every resistor and condenser and aoy other elactronic elements .
belonging to any circuit, These drawings will be of particular interest to
the maintenance personnel and to thosc reading Part II of the technical report,

5) Detail Drawings, All other drawings of the ENIAC come under
this heading, A complete file of drawings is available at the loeation of the

ENIACs



Table 0,3
ENIAC DRAJINGS

Unit Front Pansl Front View Block Diagram Cross - Section
[ —— _
Initiating PFX-9-302 PX-9-305 AJT PX-9-307
Unit 9-302R
Cyeling Unit PX-9-303
9-303k PX-9-304 PX-9-307
iccunulator PX-5-301 PX~65-305 PX-5-304 PX-5-115
Multiplier PX-6-302 ~ PX-6-309 PX-6-308 PX-6-112a
6-302R 6~1128
6-303
6-303R
6-304
| 6-304R
Function Table |[PX-7-302 PR=-T7=30% PX~-7-304 PR-7=-117
7=302R : 7-118
7-303
7-303R
Divider and PX-10-301 PX-10-~302 PX=10-304
Square Rooter 10-301R _
Constant Trans-|PX=11-302 Pi-11-306 PX-11-307 PX-11-1ll6
mitter 11-302R 11-309
11-303 (C.T. and R, )
11-.303R
11-304
_11-304R
Printer PX-12-301 PX=12-306 PX-12-307 PX~12-115
12-301R '
12-302
12-302R
12-303
12-303R
Mester Pro- PX~-8-301 PX-8-303 P{-8-304 PX~8-102
grarpmer 8-301R
8-302
B=302R
Other drawings of particular interest:
Floor Plan PX-1-302 IRM Punch and PX-12-112
nsC, Wiring PX-1-303 Plugbozrd PX-12-305
IBM Reader and PX-11-119 Pulse .mplifier and PX-4-~302
plugboard PX-11-305 Block Dicgruon PX-4~-301
Interconnection of Multiplier 2nd accumulators PX-6-311
Interconncction of Divider and accumulators PX-10=307




The front view drawings and the largs front panel drawings (whose
numbers do not end with "R") are bound as a part of the Operator's kanual,

Ineluded with the report is a folder containing all the drawings
listed in the above table except the large front panel (see above), A com-

plete file of drawings is available at the location of the ENIAC,
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I, INTRODUCTION
1,1, BRIEF DESCRIPTION OF THE ENIAC

1.1.1, What the ENIAC Does

The Electronic Numerical Integrator and Computer (ENIAC) is a high-
speed electronic computing machine which operates on discrete variables, It is
capable of performing the arithmetic operations of addition, subtraction, multi-
plication, division, and square rooting on numbers {with sign indication) expressed
in decimal form, The ENIAC, furthermore, remembers numbers which it reads from
punched cards, or which are stored on the switches of its'so called function
tables, or which are formed in the process of computcztion, and makes them avail-
able as needed, The ENIAC records its results on punched cards from which tables
can be automatiﬁally printed, Finally, the ENIAC is automatically sequenced,
i.,e,, once set-up (see Sections 1l,l.4., and 1,4, and subsequent chapters) to
follow a routine consisting of operations in its repertoire, it carries out the
routine without further human intervention. When instructed in an appropriate
routine consisting of arithmetic operations, looking up numbers stored in
funetion tables, etec,, the ENIAC can carry out complex mathematical operations
such as interpolation and numerical integration and differentiation.

The speed of the ENIAC is at least 500 times as great as that of any
other existing computing machine, The fundamental signals used in the ENIAC
ar2 emitted by its oscillator at the rate of 100,000 per sec;nd. The interval
v;etween successive signals, 10 micro-seconds, is designated by the term pulse
time, The time unit in which the operation time for various parts of the ENIAC
is reckoned is the addition time. An addition time is 20 pulse times or 200

micro-seconds (1/5000 th of a second)., An addition time is so named because it



is the time required to complete an addition. Other operations require an

integral number of addition times (see Table 1-1),

1,1.2., The Units of the ENIAC
The ENIAC proper consists of 4O panels arranged in U shape, 3
portable function tables, a card reader, and a card punch (see PX-1-302), The

term unit of the ENIAC is used to refer to one or more panels and associated

devices (such as the portsble function tables, for example) containing the
equipment for carrying out certain specific related operations,

The units of the ENIAC can be classifizd functionally into 4 categories:
arithmetic, memory, input and output, and governing, The arithmetic units include
20 accumulators (for addition and subtraction), 1 high-speed multiplier, and 1
combination divider and square rooter, Thera zre two primary memory aspects in
the ENIAC: memory for numbers and memory for programming instructions, The
constant transmitter, 3 function tables, and the 20 accumulators provide numerical
memory. The constant transmitter with its associated card reader reads from
punched cards, numbers that a2rec changed in the course of a computation and makes
these numbers availablé to the computer as nceded, Numbers that remain constant
throughout a computation arc stored on the switchcs of the constant transmitter
or of the portable function tables and emitted when needed, The accumulators,
not only function arithmeticzlly, but also can be used to store numbers which
ere computed in one part of a computation and required in other parts. All
units have program controls {sece Sections 1,1.4. and 1.3.1,) which contribute
%0 the programming memory in the following ways:

1) by recognizing the reccption of 2 program input signal which

stinulates the unit to perform
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2) by causing the programming circuits (sce Section 1,3.) to
operate (as specificd by the sctting of program switches when
there are options regarding the operation to be performed)

. and 3) on the completion of the operation, by cmitting & program output
signal which, by mezns of program cable connections to program
lines (see Section 1.l.4.) is brought to other units to cause
them to operate, The program cablc connections and switch set-
tings are established before the computztion begins,

The kind of programming described in points 1, 2, and 3 above is

described as local programming nemory because it is taken care of locally at each

unit for that unit, The master programmer provides a certain amount of centralized
programming memory by coordinating the local prograrming of the other units.

. The input devices for the EFIAC consist of the card reader and the
constant transmittcer mentioned above in connection with numerical memory. The
printer and eard punch record computed results,

The gowerning units of the ENIAC are the initiating unit and the cycling
unit, The initiating unit has controls for turning the power on and off, starting
a computation, initial clearing, and cther special functions. The cycling unit
converts 100 ke sine waves emitted by its oscillator into a fundamental train of
signals repeated every addition time (i.e. repeated 5000 times per second).

These signals include various sequences of pulses and a gate. The term pulge

. 15 used to refer to a voltage change (either positive or negative) from some
reference level and the restoration to the reference level which takes place
in a short time, between 2 and 5 micro-seconds. The term gate also refers to a
voltage change and the restoration to the reference level but differs from a

.. pulse in duration, In the ENIAC a gate lasts for at least 10 micro-seconds,
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TABIE 1.1
VHITS OF TiE EYLO

starting the ENIAC, clearing the EHLIC, and
other special functions.
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The nomenclature for and the temporal order of the cyeling unit pulses and gate
are shown on PX-9-306,

Table 1-1 lists the units of the ENIiC, their operations, and
operation times,

1.1.3, Representation of Digits by Pulses ,

With a few exceptions digits are communicated from one unit of the’
ENIAC to another in pulse form, Digit trays stacked above the front panels
running from accumulator 1 to the second panel of the constant transmitter are
used for this transmission, A digit tray has 11 wires and a ground. Each of
ten wires carries the pulses for one place »f a 10 place decimal number, To
represent the digit n (where Ogn § 9) in a particular decimal place, n pulses are
transmitted over the wire associated with that particular decimal place, The
11th wire is used for the transmission of sign informaticn, No pulses are
transmitted for sign plus and 9 pulses for sign minus (see the diseussion of
comploments below), Pulses are transmitted over 211 11 conductors simultaneously,

Each digit tray is 8 feet long and runs past 4 panels of the ENIAC,
A 12 point terminal at each end of a tray makes it possible to connect a number
of trays serially by means of jumper cables so as to form a digit trunk passing
as many units of the ENIAC as desired, Spaced at two foot intervals on the
digit trays are additional 12 point terminals, Units which are to communicate
with one another in the course of a computation have their digit input and/or
output terminals connected by means of digit cables to these 12 point terminals
~n a digit trunk. A resistance load box is plugged into zn unused terminal on
cither the first or last tray of a digit trunk, This makes it possible to con-
nect varying numbers of units in parallel into a digit trunk.. At any given time,

only one 10 digit number with its sign may be transferred over a particular digit



trunk, More than 1l unit may listen to this number, Through the use of more than
one digit trunk, several different numbers moy be transferred simultanecusly.
(also Section 1.1.5.).

The units of the ENIAC tranamit nume:;ical information by emitting
appropriate numbers of the 9 pulses or of the 1, 2, 2! and 4 pulses and the 1!
pulse (see PX-9-306) which they receive from the cycling unit, Aiddition is
performed in accumulzators by means of 10 decade counters (see Section 1,2,2.),
one counter for each decimal place of a 10 digit number, and a binary counter
for sign plus (P) or minus (M), These counters are advanced cne step by each
pulse received. The decade ccunters and PM counter of sn accumulator are so
interconnected that provision is made for carry over, Subtraction is performed
by adding the negative of the subtrahend to the minuend,

In order to avoid the necessity for cycling counters backwards, the
negative of a numbe; is represented as a complement with respect to a power of
ten, Let us consider the decimal point to be located at the extreme right of
an accumulator, Then the complement with respect to 10:LO of the positive number
stored in an accumulator as P + 12;_-0 aj . 101 is formed by t.ransmit.ting._‘) pulses
for sign M and by transmitting the digit pulses for 1010 - é% ay . 101.
Similuly, the complement with respect to 1010 of the nega.ti\lr:onumber stored
as M + éo by . 10"'L is formed by transmitting no pulses for sign P and by trans-
mitting the digit pulses for 100 - £

{=0
0
with respect to 10" of PO 000 023 407 is M9 999 976 593; the 1010 complement

k1. 101. For example, the complement

of M9 307 504 000 is PO 692 495 000, ks will be shown in the chapter dealing

with the accumulator (Chapter IV), the mechanics of transmitting the digit pulses

10 .
for a complement with respeet to 10 actually consist of transmitting first the
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pulses for fzb (9-24) . 101 and then of trinsmitting one more pulse in the
10° decade place, The terms G-a; are called nines complements,

If desired, operations may be performed on n digits where n =10, Here,
we consider the significant figurcs to be located os far to the left as possible
in the accumulator with the decimal peint to the irmedizte right of the last
significant figure at the right, Then, the cdigits for & cunmplement with respect
to 10" are formed by emitting nines complements in 2ll ducade places and then by
emitting an additionzl pulse in the nth decade place from the left,

Becausc the counters in an accumulator are suv connected that there is
carry over not only from each decade enunter to the one on its left but also
fron the 10th decade counter to the binary counter for sign, the usual arithmetic
properties obtain when complements are used in addition and subtraction, In
this c¢onnection, it should be noted that even though, in the above discussion,
we implied that sign P indicates a positive number_and sign M a negative number,
these signs may have another meaning, For example, if an accumulator holds
P9 999 999 999, the carry-over to the PM eounter which results when a positive
number not in excess of 10lo is added tc this number, couses the accumulator to
register sign M, Here the M indicates that the sum is cff seale,

1.1.4, Programming by Means of Pulses, Switches and Cables

Before a computation can be performed on the ENIAC, not only must the
digit input and output terminals of the units be connected into digit trunks
for the communication of numerical data, but also the units must be set up so
25 to recognize when they are tn operate and which particular operations are to
be performed, Program controls and program trays and ccbles are used to instruet

the ENIAC in the programming roquirements for a particular computation,



Each unit of the ENIAC has one or more program controls, These

controls are either of the repeat or non-repeat type, Non-repeat program
-controls have an input terminal for a program signal and a receiver(see below
and Section 1.2.4,). Repeat controls have both an input and an output terminal
for a program signal and a transceiver (se¢ below and Section 1l.2.4.) or some
logically equivalent device, Each program control on a unit which is capable
of more than one operation or which is capable of performing operations in a
variety of ways has a gset of program switches,

Receivers and transceivers alike have the following properties:

1) they have two stable states which will be referred to'as_the normal and
abnormal states; 2) when a program input signal is received, they are set into
the abnormal state; 3) they are so comnected (through the program gwitches,

if any) to the programming circuits (see Section 1.3,) that, in the abnormal
state, they cause the programming circuits to function appropriately; and L)

when the required routine has been completed, they are reset to the normal state
s0 that activity in the unit ceases, When the set of instructions either set up
on the ﬁrogram switches of a tepeat control or built into the programming circuits
have been completed, moreover, the transceiver of a repeat program control causes

a central programming pulse (CPP on PX-9~306) to be emitted as a program sutput

pulse from the program control's output terminal,
The program trays, like the digit trays are 8 feep long, contain 1l
wires and a ground, and have 12 point terminals at each end, so that as many

trays as desired can be jumper connected to form a program trunk, As in the case

of digit trunks, too, a resistance load is plugged into an unused terminal at
one end of a program trunk, Each of the 11 lines running the length of a program

trunk ie referred to &s a program line. The program trays differ from the digit




trays only in that at two foot intervals the program trays have a set of 11
two point program terminals {1 wire and a shield) instead of a 12 point digit-
terminal, Input and output terminals of nrogrem controls are connected to the
program lines by means of progranm cables,

The procedure for instructing the ENIAC in its routine, then, consists
of setting program switches on the units so that, when stimulzted by a program
input pulse, the program controls will cause the units to carry out a set of
specific operations, The temporal order in which the operations are to follow
one another is determined by the manner in which program nulse input and output
terminals are connected to program lines, sll brogram contrnls whose program
pulse input terminals are connected into the same program line start to operate
simultancously when that program line carries a program signal. If one of the
program controls thus stimulated is a repeat program control and if its program
pulse output terminal is connected to a second program line all program controls
whose program input terminals are connected to this second program line start to
operate when the routine set up on the repeat program control has been completed,

The schematic dlagram of Figure 1-1 illustrates the method of setting
up an extremely simple computation. Each rectangle within the square that
symbolizes a unit of the ENIAC represents a program control with program pulse
input terminal and output terminal and possibly program switchesﬂl The instructions
set up on the program switches of a program control are described inside the box
representing the program control.

1.,1.5. Synchronized System

All units of the ENIAC operate in synchronism with cne another, i.e,,
all units that start to operate at the same time complete their operations either

at the same instant or at times that differ by an integral number of addition
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times, The phrase “complete an operation" covers not only finishing the numeri-
cal proeesses involved in the operation but also the emission of a progran output
signal,

The basis of this synchronization is the fundamental train ef pulses
and 2 gate emitted by the cycling unit and delivered to all units of the ENIAC
by means of a set of jumper connected trays called the synchronizing trunk,

These trays are physically the same as the digit trays, The central programming
pulse (CPP) emitted by the eycling unit in pulsc time 17 of every addition time
cycle plays a major role in such synchronization since the program output pulse
which a repeat program control emits upon the completion of_a program results
from allowing a CPP to pass, The units of the ENIAC, moreover, have been so de-
signed that in order to complete their operations they require the pulses and
gate of either one addition time cycle or of an integral number of addition time
cycles,

Even though the electromechanical devices used with the ENIAC, the
reader and the card punch, do not tzke an absolutely definite number of addition
time cycles to complete their operations, these units have been integrated into
the synchronized system since they have been provided with program controls
which emit a CPP as a program output pulse, Units of the ENIAC can even operate
in parallel with the card reader since the  reader does not emit a program
output pulse signifying the completion of reading until it has received as an
interlock pulse a program output pulse from some other unit of the ENIAC to
indicate that the sequence carried on in parallcl with reading has been completed,

In this report, incidentally, we will follow the convention that an
addition time has its origin 3 pulse times after the CPP as shown on PX-9-306.

This means that we will talk about a program's being stimulated at the end of
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addition time 1 and being carried out in addition time i + 1 by means of the
cyeling unit pulses and gate emitted during addition time i + 1.

Because the units of the ENIAC operate in synchronism with one ancther
and because multiple digit and program trunks have been provided, the operator
can schedule parallel operations when planning the set-up of a problem, For
example, the multiplier can be operating while several accumulators are performing_
additions and subtractions and while the divider is finding a quotient, Naturally,
the scheduling of parallel operations requires that the operator plan for the use
of separate digit trunks for the various operations and, in some cases, requires

that attention be given to the number of addition times needed for the operations,

1.2, ELECTRONIC ELEMENTS

The circuits of the ENIAC are designed around a relatively small number
of basic electronic elements. The following discussion, while wholly inadequate
to convey any real knowledge of vacuum tubes or their action, is intended to
enable the reader to obtain a formal acquaintance with some of the phenomena and
terminclogy connected with the ENIAC.

The simplest tube used is the triode, so called because it has 3
characteristic elements, namely the cathode (surface which gives off electrons),
the plate or anocde (surface which receives electrons), anq the grid (which con-
trols the current passing through the tube). In addition, there is.a heater to
bring the cathode to the temperature required for it to emit electrons, Some-
“imes, 2 triodes are housed in one envelope, We shall refer to these as two
tubes. Other tubes used in the ENIAC are multigrid tubes, for example, the

pentode which has 3 grids,
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To say that a tube is "on" or conducting means that with the usual
convention of sign, current is flowing from the plate to the czthode, This
implies that the plate 1s at a slightly higher voltage than the cathode, but
that this voltage drop is trifling compared to the drop when the tube is "off"
or non-conducting, Thus, if 5 tube is turned "off", i.e, changes from conducting
to non-conducting, the voltage of the plate is raised and thet of the cathode is
lowered. Hence the plate emits a positive signal zand the cathode one that is
negative, If the tube is turned on these signs are reversed, Within appropriate
limits, a tuﬁe is conducting if its grid (or grids) is (or are) kept above a
certain voltoge, non-conducting if below that voltage, Thus a tube is turned on
by applying a positive signal to its grid (or grids), turned off by a negative
signal,

In all cases, vacuum tubes in the ENIAC circuits are used only as on-
off devices instead of as amplitude sensitive devices, i.e,, the presence or
absence of a signal depends on whether a tube is conducting or not-conducting
and not on any mcasured magnitude of current and voltage, Furthermore, the
machine has been so designed that signzls are not constantly being degenerated
but instead are regenerated from time to time out of the fundamental train of
pulses and a gate emitted by the cycling unit,

1.2,1, Single Tube Elcments

1,2,1.1, Buffers and Cathode Followers

Buffers and cathode followers are normally non~conducting tubes with
e single input and a single output,. When a positive signal is applied to the
zrid of a buffer, the output, taken off the plate side, is negative. In the
cuthode follower, wherc the output is taken off the cathode, the application of

a positive signal to the grid results in the emission of a positive signal,




I~-12

When the outputs of a number of buffers or cathode followers are con-
nected together to 2 common load resistor, the resulting circuit provides for
the logical Yor" since when any one of the buffers or cathode followers receives
e pogitive signal; the circuit enits & négative or positive signal respectively,
1.2,1.2, Inverters

An inverter is a tube whose grid is normally at a positive potential so
that the tube is conducting, When a negative signal, applied to the grid, drives
the tube to cﬁt off, the outnut taken off the plate, is a positive signal, A
positive signal is necessary to operate a gate tube as will be described in
Section 1,2.1.3.
1.2,1.3, Gate tubes

A gate tube is 2 multiple grid tube with two inputs &and an output nor-
mally takén off the plate, A gate tube emits a negative signel when both of its
input grids are brought from a negative cut off voltage to a positive voltage,
Thus, a gate tube is used to note the coineidence of two positive signals and
hence corresponds to the logical "and",

A positive signal applied to one grid of a gate tube is said to 'open
the gate", since when this happens a positive signal reaching the other grid
makes the tube conduct and hence emit a signal. The term Ygate" is used ip two
senses: In one it means a gate tube (as described above) and in the other, the
signal, lasting 10 nps or longer, which is used to open a gate tube {see Section
1.1.2.).

1.2,2, Multi-Tube Elggents

1.2.2,1, Flip-Flops
The basic clectronic memory device of the ENIAC is the flip-flop, A

flip-flop consists essentially of a pair of triodes so connected that at any
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given time only one of the pair can be eonducting, When a certain one of the

tubes is conducti:g {and the othor is not), the flip-flop is saicd to be in the
normal state; when the onther tube is conducting (and the first is not), the flip-
flop is in the abnceanl state, 4 flip-flop has two inputs and two outputs, A
pulse received on cne input (the set input), throws the flip-flop into the abnormal
state in which state it rgmains until restored to the normal state by a pulse re-
ceived at its second (or reset) input, When the flip-flop is in the normal state,
one output is positive and the other negative, In the abnormel state, the polarity
of its outputs is reversed.

Corresponding to each flip-flop in the ENIAC, there is a neon lamp, The
neon lamp is sc connected to its corresponding flip-flop that, with the exception
of some neons in the divider and square rooter, the neon is 1it when the flip-
flop is in the abnormal state, Drawing PX~10-302 indicates when the neons in the
divider and square rooter are lit,

These neons provide one of the most important visual checks on the
operation of the ENIAC., In addition to the continuous mode of operation at the
100 ke rate, the ENIAC has 2 special modes of operation, 1 addition time and 1
pulse time operation, which permit the operator without disturbing the flip-flop
memor#, to stop the ENIAC at some point to examine the neons and, thus, to
determine whether or not the proper sequence of events is taking place,
1,2.2,2, Counters

The counters »f the ENIAC, in general, consist of 2 number of flip-

arranged in sequence and

flopsAinterconnecte so that the following characteristics result:

1) At any ~iven time, only one flip-flop cen be in the abnormal state

and all others must be in the normal state,
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2) The reception of a pulse at the input to the counter causes the
flip-flop which is in the abnormal state to be reset and causes
its successor to be set,

3) The counter can be cleared so that a specific stage comes up in
the abnormal state and all others in the normal state,

Each flip-flop of a counter is called a siage and the reception of a
pulse at a counter is said to gdvance the counter to the next stage., All counters
in the ENIAC are ring counters, i.e., the first and last stages are so comnnected
that if the counter is in its last stage and a pulse is received, the last stage
is reset and the first stage is flipped into the abnormal state,

In accumulators, a2 10 stage (decade) ring counter is used for each
place of a 10 place number, Each stage of & decade counter corresponds to one
of the digits between O and 9 inclusive,

The sign of a number is handled by means of a PM counter which differs
somewhat from the other ENIAC counters, The PM counter has 2 tubes, one for sign
P and for sign M, Each tube, here,is called a stage, The two tubes are so con-
nected that only one of them can be conducting at a given time, Each pulse
received cycles the PM counter 1 stage. Notice, that while the FM counter uses
2 tubes as does a flip-flop, it differs from an ordinary flip-flop in that it
has but one input, The PM counter is also a ring counter,

Since each stage of a counter (other than the PM counter) is a flip-
flop, one or both of its outputs are availszble for controlling other circuits,
T1 the decade counters mentioned above, for example, one set of such outputs
{4 iskh are rmeforred to as the static outputs) can be used to deliver to the
rearber information about the number stored in a given accumulator, Ring
combers are also used in the programming circuits of most ENIAC units, Here

tik nutputs of the varicus stages are taken to gates,
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1.2.2,3, Standard Transmitters

Tc moee tie ouwer aceds resulting f;om the large capacitance associated
with the intercopnection civeuits (digit trays, prcgram trays. digit cables, etc,)
and the aigh soeed with whick pulses are transmitted in the E!ITAC, and also to
provide positiv: ovtput pulses (since positive pulses arc required to operate
gate tubes in the receiving vnits), the pulse outputs of all units (except the
digit pulse output of the high-speed multiplier and the divider and square rooter)
arc passed through standard transmitters. A transmitter consists essentially of
an inverter tube whose¢ output is fed to the grids of 2 amplifying tubes which have
their plates connected in parallel, The cathodes of thc amplificr tubes are con-
nected in parallel to ground through a resistor and the output of the transmitter
is taken off between cathode and ground, As previously mentioned, varying
numbers of output trunsmitters can be connected to the same program line or digit
trunk since a load resistor is not built into each transmitter but is instead
plugged into the trunk line,

The answer output circuits of the high-speed multiplier and of the
divider and squarc rooter consist of inverter tubes with built-in load resistanee,
Thereforc, the answer output terminals on these units are connected directly to
the appropriate digit input temminals through a cable without resistance load or
through a digit tray with ne load box plugged into it, Ne other units may be
connected in parallel into such a digit tray;
1,2,2,4, Receivers and Transceivers

Receivers and transccivers are used in the ENIAC to note the reception
of a program pulse and to activate the programming circuits when a program pulse
is received. As montioned earlier, receivers are found in non-repeat program con-

trols and transceivers in repeat program controls, In the divider and square rooter
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and in the high speed multiplier, however, there arc¢ a fow examples of receivers
which are not parts of program controls, Also, the reader, printer, and initiating
pulse program controls are exceptional repeat program controls in that they do

not contain transceivers,

To deseribe and illustrate the use of receivers and transceivers we
shell refer to the program contreols of an accumul-tor in which these devices are
used in typical fashion (see drawing PX-5-304).

The receiver consists of an input buffer (66), a flip-flop (64, 65),
an inverter (the left hend tube numbered 62), a cathode follower (63), 2 buffer
(62), and a reset gate (61). in input pulse received at the program pulse input
terminal associated with a receiver, passes through buffer 66 and sets the flip-
flop of the receiver, The normally positive output of the flip-flop passes through
the inverter and cathode follower and then through a progr:m switch which routes
it to a set of gates, Similarly, the normally negative output of the flip-flop,
through buffer 62, is routed through program switches to another set of gates,
Notice that before the reception of a program pulse, the outputs of the recciver
are such that the gates remain closed; when the receiver is set, its output signals
open the gates to which they are delivered and cause the unit to carry out the
routine specified on the associated program switches. The CPP, which occurs 20
pulse times after the program input pulse which sets the rcceiver, passes through
gate 61 (held open by the normally negative output of the flip-flop through buffer
62) and resets the receiver, Thus, a receiver is always reset one addition time
after it has been set, Notice that the same receiver must not be stimulated on
successive addition times since one addition time after a receiver is set it
attempts to reset itself,

A transceiver, like a receiver, has an input buffer (69), a flip-flop
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(66, 67), an inverter (65), czthode follower (64), 2nd a reset gate (68), The
transceiver, however, has several additional buffers (61),_and (63), an extra
gate (62) 2nd inverter (65) znd a standard transmitter (70, 71, 72). The trans-
ceiver elements which rescmble receiver elements function in presisely the same
fashion, The resctting of a transceiver, however, differs from that of a re-
ceiver, Transceivers usually oper=zte in conjunction with a program ring counter
or, as in the accumulator case, with o repeater ring counter., In the'illustrative
exomple being discussed here, one output of the transceiver is taken to gate K50,
When the transceiver is set, gate H50 is open so that a CPP is allowed to pass
through and cycle the repeater ring (64-72) each addition time that the trans-
ceiver remains in the abnormal state, Each point on the rcpeat switch (used to
specify the number of times in succession that =n qperation is to be repeated)

of an accumulator repcat program control is connected to one stage of this ring,
When the repeater ring reaches the stage specified on the repeat switch, gate 62
receives a positive signal from that stage of the ring. The coincidence of a
signal from the repeater ring and from the normelly negative output of the flip-
flop causes gate 62 to emit a signa; which is invertcd into a positive signal by
inverter 65, The output of tube 65, through the buffers 63, goes on to stimulate
certain clearing actions in the accumulator, and delivered to gate 68, allows the
next CPP to pass through this gate, The output of gate 68 not only resets the
transceiver but also passes through the standard transmitter (70, 71, 72) to be
emitted from the program pulse output terminal of the program control. Notice
that a transceiver remains set throughout the number of addition times required
to complete the program specified on its associated switches, is reset at the and
of the addition time in which the program is completed and emits a program output

pulse when it is reset, at least one addition time should intervene between the
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transmission of a program output pulse and the next stinmlation of a repeat
program control in order to allow the controlls transceiver to reset itself,
1,2,2,5, Plug-In Units

Wherever possible the design of elements of the ENIAC his been stan-
dardized and these e¢lements have been used repeatedly in various units. Further-
more, to increase the case of testing and replecing faulty components, many of
these standardized c¢lements have been designed as plug~in units,

The reccivers and tronsceivers are of this nature, Each receiver
plug-in unit has two receivers. 4 transceiver plug;in unit has just one trans-
ceiver, Ansther type of plug-in unit is the accumulator decade plug-in unit
which consisﬁs of a decade ring countcr, a pulse standardizer_for shaping pulse
input to the decade, carry over circuits, output transmitters, etec. 1In all,
there are a total of 20 different types of plug-in units. These are enumerated on

PX-2-123 where references zre salso made to detailed drewings of the plug-in units,
1.3. CLLSSIFICATION OF ENIAC CIRCUITS: Numerical snd Prograpming

The circuits cf wmost ENIAC units cen be conveniently described accord-
ing to 2 classifications, numerical and programing, The nunerical circuits are
those which vpurate on the pulses or static signals which represent digits or
sign, For example, in an sccumulator the decade and PM counters or in the printer
the tubes which arc set up by the static outputs of counters whose information is
to be punched on a card are classificd as numeriezl eircuits, The prograrming
circuits are concerned with the following activities:

1) Recognizing whon and how a unit is to funetion,

2) Stinulsting the numerical circuits to cperate cppropriately.,

3) Zmitting & program output pulse to signify completion of a program,
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In the case of certain units a further subdivision of the programming classifi-
cation into program controls (sce Seetion 1.1.4.) and common programming circuits
is desirable, The program controls, then, are charged with activities 1 and 3
above ahd the common programming circuits with activity 2,

l.3.1, Program Controls

The accunulator, high speed multiplier, divider and square rooter, and
function table have multiple sets of program controls, These program controls
include not only a receiver or transceiver, program pulse input terminal and
possibly program pulse output terminal but also program switches for describing
the procedure to be followed when the program control is stimulated, In each of
these units, any one of the program controls, when stimulatéd by the reception of
a program input pulse, can activate the common programming circuits. The buffers
and cathode followers in the receivers and transceivers of these program controls
serve to isolate one program control from the others, In the constant transmitter,
which has a total of 30 program controls each consisting of a transceiver, program
pulse input and output terminals, and a program switch,‘each group of six program
controls operates a set of programming circuits in common, In the remaining ENIAC
units the program controls and programming circuits are closely integrated with
one another,

If a unit has more than one program control, in generzl, only one
control should be operating at any given time so that inconsistent demands are
not made on the common programming circuits or the numerical circuits of the unit,

1,3.2, Common Programming Circuits

In the previous section it was pointed out that the stimulation of a
program control of a unit results in activating the unit's common programming

circﬁits. It should be pointed out that in a few cases the common programing




I -20

cireuits of a unit ean be entered without going through a program control,

For example, several accumul2tors are used in conjunction with the high speed
rnultiplier, These accunulators receive components of the product as they are
emitted from the multiplier, Ordinarily, to stimulate reception of a number,

a program input pulse must be delivered to an cccunulator program eontrol having
its program switch set to a receive setting, Then, the output of the receiver
or transceiver of the program control activates the programming circuits so that
reception takes place, The multiplier, however, has been designed so that it
contains receivers which arc set when the associated produect accunmlators should

receive components of the product, These receivers in the multiplier arec direetly

connected to the common programming circuits of the associated accumulators so

that reception is stimul:uted when the multiplier's receivers are set even though

no program controls on the accumulators are stimulated, Several guch examples '
of direct entry into the common programming circuits of accumulators are to be

found in the chapters dealing with the high speed multipler and the divider and

square rooter,
l.4, PROGRAMMING THE ENIAC

In this portion of the Technical Manual for the ENIAC, Part I, much
emphasis will be given to the planning of computztions to be performed,

ladiels Preparatory Formulation of the Problem

Starting with the mathematical equations which describe a problem,
such as the total or partial differential equations for cxample, the operator
must first break the equations down into a form involving the arithmetic operations

of which the ENIAC is capable. Another necessary preliminary step consists of

planning for the stor=ge of numericzl data, The initiel conditions and other
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eonstants basic to the computation will be given to the ENIAC by means of punched
cards and the setting of switches on the constant transmitter, Arbitrary functions
and other constants c¢an be stored in the function tables., HNumbers formed in the
course of a computztion and required in subsecquent parts of a computation can be
stored in accumulators. Should the quantity of numbers to be stored for further
computation exceed the accumulator storage capacity, such numbers can be punched
on cards by the printer unit and later can be inserted into the ENIAC again by
means of the card reader and constant transmitter,

1l,4.2. Planning the Programs and Program Sequences

For each arithmetic operation in the computation, one or more of the
ENIAC's program controls will have to be set~up by the connection of program
cables and possibly the setting of program switches, For example, if the numbers
a and b are each stored in an accumulator and if a+b is to be formed in the
accumulator containing b, then the accumulator which stores a,must be instructed
to transmit and the one storing b, must be instructed to receive the transmitted
number,

The instructions given to 2 single program control are referred to as
a program, It is possible for a number of programs to be carried out in different
units simultanecusly, In general, however, only one program at a time can be
performed in a given unit,

A unit carries out the program set up on one of its program controls
when a pulse is delivered to the program control's program pulse input terminal,

i.e,, when tha program contrel is stimulated, If a number of programs are to be

perforned in psrallel, all of the program controls involved must be stinulated
gither by a pulse carried on the samc program linc or by pulses from different

program lines which are activated at tho same tinme,
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The operator ties individual programs together into a program seguence

in which one collection of programs is automatically stimulated upon the comple-
tion of another collection of programs by delivering the program output pulse of
the program control used for a program of the first collection to a given program
line and by picking up the stimulating pulse for all programs of the second
collection from that same program line (see Section 1,1l.4.)

1.4.3. Prograsming on Higher Levels

Certain program sequences of a computation mey have to be iterated a

number of times, The iteration of a program sequence into a program chein is

accomplished through the use of the master programmer, This unit can also link
together a number of chains or chains and sequences into a new program sequence
which itself is to be itcrated into a cheain, este,

The master prograrmer has a number of program controls each of which
has a single input for program pulses and mgltiple program pulse output terminals,
Each time a program input pulse is received, 2 pulse is emitted from one of the
output terminals. The eircuits of each control cause a pulse to be emitted from
2 given terminal a certain number cof times which may be specified by tho setting
of a switch or in some other way and then to be emitted from another output ter-
minal, Thus, the iteration of a program sequence into z chain can bte accomplished
by deliveriéé the final program pulse of the sequence to a master programmer
control and by picking up the initial pulse for the sequence from the program
line to which the approprizte master programmer output terminal is connected,
Another sequence or chain is linked to the first chain by picking up its initial
pulse from the program line to which a second output terminal of the master

programmer is conneeted, cte,
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1,444, Special Linking of Program Sequences by Magnitude Discrimination

Not only can programs be linked together sequentially as described
above in Sections 1.4.2, and 1.4.3 but, in addition, the ENIAC can be instructed
to choose one of severzl program sequences depending on the magnitude of some

number, This type of programming is referred to a2s magnitude discrimination.

In one form of magnitude diseriminstion, two numbers, & and b, are
compared, If a 2b, one program sequence is followed and in the opposite case,
a second program sequence is stimulated, It is also possible to carry out more
extensive magnitude discrimination programs in which the choice of program de-—
nends on & particular digit in some decimal place of 2 number,

Magnitude discrimination is accomplished by means of an accumulator
and the master programmer, In such programs which will be discussed in greater
detail in chapters IV and X, sign or digit pulses are used to stimulate program

controls,
1,5, EQUIPMENT ASSOCIATED WITH THE ENIAC

In addition to the 40 panels, the portable function tables, the card
rcader and card punch which constitute the ENIAC proper, the ENIAC has certain
associated ventilating, power, =nd testing equipment,

1.5.1, Ventilsting Eguipment

The ENIAC's 18,000 vacuum tubes generate a considerable amount of heat,
An claborute system of fans and blowers is used to drive off this heat, Each
panel, moreover, has a thermostat which prevents the temperature inside the
panel from exceeding ll5°F by turning off the power to the ENIAC if this limit

is exceeded. The ventiluting system uses 240 V, three phase unrcgulated power,




1,5.2, _Power ipment

In addition to the a-c power for the heaters of its tubes and for the
card reader and card punch, the ENIAC requires 78 different d-c voltages, These
requirements are met in the following way:

Two hundred forty volt, three phase, reguleted a-c is taken to power
and auto-transformers which convert it into 110 V, 3 phase a-~¢c, This power is
carried on 3 buses in a power trough located along the front and bottom of the
ENIAC panels, From this trough, the heaters and also the outlets beloﬁ constant
transmitter panel 3 and printer panel 2 are supplicd with a-c¢ power 23 long 2s the
ENIAC!s a=-¢c power is turned on, The outlets below the other ENIAC panels are
always alive, _

The 240 V, 3 phase, regulated a-c is olso taken to gas rectifigr tubes
in the ENIAC's 29 power supplies. The filaments of these tubes use 24,0 V, 3
phase, &-c, Through the use of bleeders the 78 d-c voltages are obtained., These
voltages are carried to the ENIAC units by mecans of the d-¢ cables in the power
trough mentioned ébove.

The power equipment is housed in 7 panels apart from the ENIAC and
clectrolytic condensers for filtering the d-c¢ from the rectifier ecircuits are
located in three condenser c¢abinets,

Only the control circuits for the power supplies are discussed at
any length in this report (see Chapter II), The ENIAC MAINTENANCE MANUAL can be
consulted for further details,

1.5.3. Special Test Eguipment

A number of special testing devices are usod with the ENIAC. These
include a tube tester, a hi-pot test unit, a static tester, and a test table
with its own power supplies, synchronizing unit, variable oscillator, and

oscilloscope,




I-25

The test table and its ass~ciated equipment are used to examine the
20 different types of plug-in units, The synchronizing unit, variable oscillator,
and a device for varying d-c voltages make it possible to reproduce the operating
conditions found in the ENIAC or to generate cortain test conditions, The equip-
ment associated with the test table is portable so that it can also be used for
testing the ENI.iC proper,

The static tester is essentially an adaptor which plugs into the d-e
cables so as to make possible measurements of the voltages on tube pins, The
hi-pot test unit is used to detect insulation faults in cables, The standard
tube tests can be made on the types of tubes used in the ENIAC by means of the
tube tester,

In addition tu the above special tcsting devices, the standard electri-
cal measuring instruments are used for the ENIaC, Certuin meters have also been
built into the initiaping unit (see Chapter II) and the cycling unit includes an

oscilloscope for rather rough examination of the fundamental train of signals,
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II. INITIATING UNIT

The initiating unit of the ENIAC is the device which contains controls
for turning the power on and ~ff, for initisting = cumputation, for initial
clearing, and for selective clearing a group of accumulators, as well as progran
controls for the reader and printer, Cortain devices for testing the ENIAC are
also located on the initizting unit,

The following topics are discussed in this chapter: Section 2,1,
starting and stopping the ENILC power and initial clearing; Section 2,2, reader
and printer program controls on the initiating unit; Sectipn 2.3, initiating a
conputation; Sectinn 2,4, selective clear prozram contrels; and Section 2.5,
testing features, The following drawings are referred to in this section:

Initiating Unit - Front View PX-9-305
Initiating Unit - Front Panel Pr~9-302

Cycling Unit and Initiating Unit

Bloek Diagran PX-9-307
Power System Block Dizpram PX-1-303
A8 Power Distribution Raek PX-1-304

2,1, STARTING, STOPPING AND INITIAL CLELRING

Nearly all the chearacteristic functicns of the ENIAC depend on d-c
power, This, however, is derived from 240 volt, 3 phase, a-c. The latter has
some immediate uses in addition to furnishing the d-c, There are in all five
prineipal uses for the a-c power, These are as follows:

1) for the heaters of the numerous tubes of the ENIiC units.

2) for the heaters of the reetifier tubes in the ENI.C's power

supplies which convert a-c¢ into the different d-c voltages,
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3) for the plates of the rcctifier tubes,

4) for the fans which dispel the great amount of heat generated

by the preceding

5) “for the control circuits needed in starting and stopping the

ENIAC power, in furnishing protection to various circuits, and
in initial clearing,

The first four items referred to above are identified by the corres-
ponding numbers on FX~1-303, The last item is noted there as control circuits
and is more explicitly dealt with on PX—9—307._ The control circuits govern the
connection of the other items to the awc lines, cause d-c to be supplied to the
units of the ENIAC, and control the initial clearing of these units,

Program controls for these circuits are found on the initiating unit,
Other auxiliary program controls and clements of the control circuits are found
on the power distribution rack, the condenser cabinets, and the units of the

ENIAC themselves, In this section we shall discuss the events involved in

starting and stopping the ENIAC (8ection 2.1,1.) and in initial clearing (Section

2.1.2.)

2.1,1., Starting and Stopping the ENILC

In this discussion it is assumed that the main a-c safety switch is

closed, By a "safety switch" is meant one whose opening not merely cuts off
power, but actually opens all lines of the circuit controlled by the switch,
We also assume here that the 2 safety switches for the ENIAC heaters and those
for the fans and for the heaters and plates of the power supplies arc all on,
With the last 2 switches off, only the a-c circuits can operate; with any of
the others off, naither a-c nor d-c¢ can,

When the start button on the initizting unit (see PX-9-302) is
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depressed, the amber pilot light goes on iﬁmediately and the following sequence
of events takes place: the ENIAC heaters and the power supply heaters are
connected to the a—-c and the ventilating system is turned on. One minute later,
after the heaters have had an opportunity to warm up, the plates of the power
supply tubes are connected to the a-c, Simultaneously, initial clearing, which
lasts for 10 seconds, begins. After the ENTAC has been initially eleared, the
green pilot light on the initiating unit goes on and the ENIAC is ready to
operate,

The heaters clock on the front of the initiaﬁing unit, which keeps
count of the number of hours that the power supply heaters are on, starts to
record as soon as the start button is pushed, On each of the remaining 39 panels
of the ENI.LC, there is also a heaters clock and an on-off switch for the heaters,
When the a-c is turned on, the heaters in a panel go on only if the switch for
that panel is in the "on" position, The associated heaters clock records the
number of hours that the heaters of the panel are turned on,

Before a more detailed discussion of the starting sequence is given,

the elements involved in various phases of starting will be pointed out on the

schematic diagram of the a-c control circuits shown on PX~-9-307. The elements
enclosed within the heavy lines are not in the initiating unit, The 28 under-
voltage release relays and their 14 assoclated pick-up rclays (designated by M)

are loecated in the condenser cabinets, In the Moore School installation the

power supply heater fuse releys and tﬁe d-c fuse relays are in & cabinet beside

the d-c fuse cabinet and relays i, B, and,X are located in the machinery laboratory,
The remaining items, except for the door switches and thermostats which are in

the ENIAC panels, are on the power distribution rack in the ENIAC room (sec

PX~1-3%4),



Relays A and B connect the heaters of the ENIAC units to the 3 phase
a~-c power, Relay D is the power supply heaters contactor. F, an adjustable
timer which has been set for 1 minute, provides for the delay between the turning
on of the power supply heaters and plates, When timer F has counted the specified
period of time, relay G is activated, This relay connects the plates of the
power supplies to the a-¢ so that the d-c is turned on when relay G is activated,
Timer J which has been set for 10 seconds and reley H, the main initial clear
relay, are activated after the d-c is turned on, Relays 3 and 4, auxiliary
injtial clear rclays, are each responsible for the emission of one of the
signals involved in initial clearing (see Section 2,1,2,), Ten seconds after
timer J starts to count, relay K is activated &nd the initial elear peried is
terminated, thus bringing the starting sequence to an end.

It can be seen on PX-9-307 that in addition to the start and stop
buttons on the initiating unit which operate both the a-¢ and d-¢ circuits,

separate d-c start and stop buttons have been provided, Through the use of the

d-¢ stop button, only the d-c circuits (controlled by relay G), can be turned off,
leaving the a-c circuits unaffected, With the a-c power on, pushing the d-¢ start
button connects in the d-c ¢ircuits and causes initial elearing to take place,
Isolation of the d-c from the a~¢ eircuits has been provided in order to make
possible leaving the heaters turned on even when the ENIAC is not to be operated
or when there is a failure (see the discussion of proﬁective c%rcuits below) in
the d-¢ circuits. This has been done because it is hoped @hat, by cutting down
the number of times that the heaters arc turned on and off, tube life will be
lengthencd,

It is to be noted that the operation seleetor switch on the cycling

unit must be set at continuous when the power is turned on, In Section 2.1.2.
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where initial clearing is discussed, it is pointed out that when the power is
first turned on, a number of flip~flops maycome up in the abnormal state and

it is also remarked that the resetting of these often depends on the pulses

and gates emitted by the cycling unit, These pulses are not given out immediately
unless the ENIAC is in continuous operation. The dangcr of having these flip-
flops remain in the abnormal state is that, as a result, a number of tubes that
should be off most of the time and on only a short period of time (i.e. tubes

in circuits that have been designed for a low duty cycle) remain on for a long
time and thus cause damage to themselves and other elements.

Certain protective devices included in the control circuits are also

shown on PX-9-307. Of these thc most important are relays C, Q, N, and L. The
action of these will be discussed in the following paragraphs. Their distinguish-
ing characteristics are as follows: under proper operating condi£ions Cand N
are on; L and Q are off, C may be turned off by a thermostat or a door switch,
Since it is believed undesirable to turn off the heasters unless it is absolutely
necessary, C acts through a timer P which may be set between 5 and 15 minutes.
Vhen this time has clapsed and the trouble has not been remedied; both a~c and
d-¢ circuits are turned off., The other three relays act without any delay but
affect only the d-c. Relay Q is turned on by the blowing of any heater fuse,
This cuts off the dec power supply including its heaters, Relay N is turned

off by phase in the plate supply or under-voltage in the output of a d-c power
supply, The effect is to turn on L, This is also zccomplished by the d-c stop
button or the failure of a dfc fuse, When L is turned on or when there is any
piase failure in the heaters, the plate supply to the rectifiers is cut off, but
the heaters are left on, The distinetion between N .and L is that there is a

nrovision for inhibiting the action of N during starting, These actions will



unit, When relay C is not aetivated contzact C
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now be discussed in more detail,

Relay C is a maater relay which contrels both a-c and d-c circuits.
This relsy, which is activated when the a-c safety switch is c;osed, operétes
in conjunction with the door switchos (sce below), thermostats, and timer P,
Found at the back of cach ENIAC panel and at the front of the power supply and
condenser cabinets, is & docr switch, When the cover of a panel or cabinct is
removed, the door switch on the panel opensf causing relzy C to be deactivated,
If, however, the door switch shunt button on the initizting unit (see PX-9-302)
is held down while the cover is off, relay C is not deactivated. Relay C is
also deactivated when a thermustat opens as o result of the overheating of a
1 closcs and timer P which is set
for 5 minutes starts to operate., First its clutch (CL) is thrown in, and next
the motor (M) is connected into the circuit through contact CL,. A warning lamp
above the power distributicn rack (see PX-1-304) slso lights, Necessary repairs
can be made on the machine during this 5 minute period, (which may be adjusted
to as much as 15 minutes if more repair time is required)., If, at the end of
5 (or 15) minutes, the condition which caused relay € to be deactivated has
not been corrected, then contact Pl opens and relay a is deactivated, This
turns off both thc a-c and d-¢ circuits.n The start button on the initiatingy
unit is used to turn the power on again after the fault has been corrected, r

The door switchcs have been provided as a safety measure for both

personnel and the machine since the opening of a pan&l.exposes dangerous voltages

#st the present time, there is a permanent shunt for the door switches so that
removing n cover docs not cause relay C to be deactivated, The deseription in
the tewt above zpplies to the intended method of oporation of the door switches,

##T1 hoth the amber and green pilot lights arc off, the stert button on the

iritiating unit rust be used, If only the greon pilot light is off, the power
vey be turned on through the use of the d-c start button,
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(as much as 1500 volts in the case of thg d-¢) and also, by drawing air from

the ventilating system to the‘Open panel, may cause ancther unit to overheat,
Relay Q protects the d-c circuits and the power supplies, When Q

is gctivated, contact Ql opens 8o that relay D is do=energized, This turns of£

the ﬁower supply heaters and causes contact D, to open. With econtact Dl open,

1
F is de-emergizedso that contact Fl opens and reley G, the d-c contactor is
deactivated, Relay Q is activated when a contact on one of the power supply
heater fuse relays closes, This latter evont takes plece if a pdwer supp;y
heater fuse blows, If the d-c is turned off because Q has been activated, the
d-¢ start button on the power distribution rack must be used to turn the powér
on again,

The remaining protective devieces shown on PX-9-307, relays L and N
with their associated devices, control only the d-c circuits, leaving all heatcrs
ﬁurned on in case »f a failure, If one of these circuits detects a failure and
turns the machine off, the power can be turned on again through the use of the
d-c start button. The main and power supply hcater phase failure relays connected
in series with timer F detect faults in thc three phase which goes to the heaters
of the ENIAC and of the power supplies, These phase failure relays are activated
so that the contacts shown on Px-9-307 are closed under proper operating conditions,
In the event of a phase failure, F isde-amrgized so thst contact F, opens and |
relay G drops out, As soon as the fault is repaired, timer F is again activated
and, one minute later, contact Fl closes,

Relay L is the d-¢ cut-off relay. Yhen this relay is activated,
contact Iy opens so that relay G is dewcnergized, This results in cutting off
the d-¢ power, With the a— on {so that contact Ahfis closed), relay L can be

picked up through the closing of the d-c stop button, the activation of the d-c




IT -8

fuse relays when a d-¢ fuse blows, or the non-activation of relay N (see the
discussion of relay N in the next paragraﬁh).

Relay N operates in conjunction with the power supply phase failure
relays and the under-voltage release relays, The power supply phase failure
relays in this cirecuit detect faults in the three phase a-¢ which goes to the
plates of the power supply tubes, These relays are activated and their contacts
closed under proper operating conditions, There is an under-voltage relecase
relay for each power supply, During the sﬁarting sequence while initial clearing
takes place, relays M arc activated. These relays provide thé high voltage re~
guired to pick up the under-voltage releasc relays, After the starting sequence
is completed, the under-voltage releasce relays remein activated and their contacts
are closed unless the voltage emitted by a d-c power supply drops below & specie
fied level, During the initial clear period while the under-voltage relcase
rclays are being picked up, contact K2 of reclzy K provides a circuit which shunts
the under-voltage release relays and the power supplies phase failure relays.*
Thus, relay N is activated and contact Nl is open at all times unless a fault
is selected,

The starting sequence which takes place when the staft button in the
initiating unit is pushed is described chronologically in Table 2-1, In some
cases, a contact is classified as both a pick up and hold contact for a circuit,
since the contact must close for the circuit to operate and since the circuit

continues to operate only so long as the contact remsins closed., In other cases,

‘the pick up and holding functions are performed by separate con;acts.

When the stop button on the initizting unit is pushed, the ENIAC is

¥Timer J should not be set for less than 10 seconds since this delay is required
when turning the d-c on to permit the under-voltage relesse relsys to pick up
before the shunt across them is removed,
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TALBLE 2-1

CHRONOLOGICAL DESCRIPTION OF STARTING SEQUENCE

hctivated Relay or
Circuit Element

-

Pick Up Contact
(contact whose closing
causes circuit to uperate)

Hold contacts

(gontacts which must re-
main elosed for circuit
to continue to operatey,

A-auxiliary start relay

Start switch - closed when
start button is pushed

Stop switch - normally

closed

P1 - closed unless timer P
has been activated for
5 mimites.

Bl - closes immediately
after 4 is sctivated,
B-main start relay and A A
ENIAC heaters contact—{ < 1
or, By
E~-fans contactor AB #q
D—pow:r :upply heaters il By Losed unl '
contactor Q —agtgzgtegfﬁgss Q1is
Amber start pilot and RL Ah
power supply heaters.
c1°ck.
F~one minute timer Dy D1

Main and power supply
heaters phase failure
relays - closed un#ess a
fault is detected,

relay
J=10 sec, timer
M-under voltage release |
ick-up rela

G F, - closes after F has ‘ Fl
counted out 1 minute Ll - ¢losad unless L is
activated.®
H-Main initial c¢lear - "Gl G1

K; -~ closed until K is
asctlivated,

K-relay which termin-
ates initial clear
period.

Jl ~ closes after timer
has counted 10
seconds,

Ky

5 )
Initial clear switch = -

repains closed unless I,.C.
butten is pushed,

Green ready pilot

Ky

Ky

#See discussion of protective devices included in Sect]

ion 2,1.1,
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completely turned off, Relay A, then B, E, D, G, H, and K are de-energized,

When only the z=¢ circuits are on, ond the d-c¢ start button is pushed,
the following events take place: Relay L is deactivated, and through contact Fl
(closed provided thet the a-c is on an® therc is no jhese failure in the powcr
for the ENIAC and power supply hoaters) and Ll (closed when L is deactivated),
relay G is picked up, This turns the d-¢ on ane then initial clearing follows
as indicated on Table 2«1,

When the d-c stop button is pushec, relzy L is activated, Since
contact Ll then opens, relay G drops ocut and the d-c is discdnnected. Contact
Gy also opens, causing relay K to drop out,

With regard to the matter of interrupting =z computation, it might be
pointed ocut that it is not necessary to push the stop button on the initiating
unit or the d-c stop button for this purpose. Even though the power is turned on,
a computation can be stopped in a number of different ways. If a program cable
which delivers a program output pulse to a program tray is removed, the computa-
tion in progress ceases with the program whose program output pulse is eliminated
in this way, If the card rcader exhausts the cards in its magozine (see Section
8.3.) the computztion is terminated with the program just before the one in
which resding would take place, A computation cesses, similarly, when the cards
in the megazine of the card punch are exhzusted (sce Seetion 9.1.).

2.1,2, Initial Clearing

When the ENIAC is turned on, it is a matter of chence as to which
flip-flops in the various counters, both numerical and program ring, or which
program flip-flops (in receivers, transceivers and common programming circuits)
will come up in the zbnormal state, It is obvious thet & computation must start

with the numerical and program rings in the clear position and with program
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flip-flops in the normal state in order that the correct answer may be obtained,
Furthermore, if a flip-flep in a transeeiver or a program control flip-flop such'
as the printer start flip-flop (se¢e Section 9,1,) comes up in the abnormal state,
not only is the associated program commenced, but 2lso, upon the completion of
the program, an output pulsc is transmitted which, in turn, may stimulate another
program control, etc, Thus, it is also necessary before starting a computation
to break program chalns or sequences which are accidentally begun when the ENIAC
is turned on, Furthermore, it is cenvenient to be able to stop & computation at
a certain point (without turning tho ENIAC power off), erase all data stored in
accumulators and the master programmer, and then start afresh,

The initial clear eircuits in the ENIAC provide for the contingencies
mentioned above, The initial clear circuits consist of the initial clear push
button on the initiating unit, relays H and K which were referred to in Section
2,1.1, and initial c¢lear rolays 3 and 4 (see PX-9-307), When the ENIAC®s power
is turned on, initial clearing takes place automatically immediately after the _
d-c goes on (see Section 2,1,1,), The initial clear push button is pushed when,
with the power already on, it is desi;ed to clear the accunmlators and the

master programmer, It is to be noted, that the operation selector switch on

the cycling unit must be set at continuous for initial cleayring to take place,

Relay H is the main initial clear relay, When activated, this relay causes
initial clearing to take place, Relay K terminates the initial clear period,
Initial clear relay 4 is responsible for emitting the initial clear gate (ICG)
which, in general, clears the counters used for ecithcr numerical or programming
purposes, Initial clear relay 3 causes the mastcr programmer clear gate (MPQ)

to be emitted, The MPC is used tm the master programmer to break program sequences

(see the discussion in the latter part of this section.)
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When the start button on the initiating unit or the d-c start button
is pushed, relay K is not activated so that rclay H and the ten second timer J
are pieked up through contacts Gl and,Kh. At the c¢nd of 10 seconds, contact Jl
on the timer closes, Through Jl, relay K is picked up, Fron then on, relay K.
holds through contact Ky and the initial clear switch which is normally closed,

When the power hes been on and the initicl clear button is pushed,
relay K is de-enemgized so that K, closes. Since G, remeins closed as long as
the d-c is on, relay H and timer J are then picked up through Gl and Kh’

When #elay H picks up, contact Hl closes, thus activating relay 3,
Contact 3-1 then closes and the MPC is cmitted, As a result of the activation
of relay 3, contact 3-3, which is normally closed, opens, Now with 3-3 closed,
there is a circuit which allows a small amsunt of current to flow through the |
coil of relay 4 but not enough to pick this relay up, and very little passes
throupgh the large resistor to the condenser, While 3~3 is onen, however, the
condenser is chargsd,

Ten seconds after relay H is activated, K is activated. Contact K,+
opens and H is, thus, dcactivated, This causes contoct Hl to open and relay
3 to drop out. At this time, contact 3-3 closes. This allows the condenser to
discharge through the coil of relay 4, In this way, relay 4 is activated and
contact 4-1 is closed, With contact 4-1 closed, the initial clear gate is
emitted., Initial clear rclay 4 is restored to the normal state wiph contact fLwl
again open in about 1/2 a second when the condenser has discharged.

As can be seen from the diseussion 2bove, the 10 second period (when
the green light is off and when timer J is opecrating) designated by the phrase |
initial c¢lear period, is actually devoted to the master programmer clear signal,

The initial clear gatec comes on after the MPC goes off and lasts for sbout 1/2
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Acgumulator Pll.p.ﬂ.ops in r.ca:lms and Ho provision for dirent rnsut of receivers or tranaceivers, Mowever, If a

trmuinrs. F.F. comes up in the sbnormal atate, the program set up on the assosinted
\ awitches 18 omrried out and, in a maxinun of 9 edd, times, the F,F. la t
. reset. . e e =2

Decnde flip-flops Iloﬂully negative cutput of donnda F.F., gates RP throuyx gste 18 so that
. ‘ s deonde F.F, in abnormal state ig raaet. R .
{ Repeater ring | CPF guted through K80 by ICG resots ﬂpea.tar ring, ) ;
Dacade counters and Pu countn- CCO guted through jdd by mu clears countera, L ___{
« Bultiplier Flip_flopa in transceivers Reset in maximum of 14 add, times (sn Anamu.‘lutur). i
‘ e e
L Progran ring If rogrem ring is°not in stage 1, OPF is gated through J'44, I0G holde 1

0'44 open go that output of J*44 1s passed to prog. ring. Thua the ring -
18 cycled to stege 1. VWhen prog. ring is in stege 1, J'44 1z closed so

g ' that 10 other CFF ere adnmittod to cyclo the ring, . |
! Reset flip.flors Rornally negative output of a ruet F.F. which comes up in nlmoml state !
} operiz (49 chE'EQV 50 that . GPP 1,"?"_‘;‘_?_ E"_I_‘f“ thn P.F, li
! L and R recelvers 1CG gatea CPP through E'ﬂ to reaot these recoivcrl. i
i Ro-Re, Da-DE, and answer dis— Reset by CPP, e ST T

posal receivers

—

| Divider mnd AT PRESCHT, ICO gates a CPP through £50, The outpet of IS0 gives rilse to CL and GL' pulses so that clearing .
| Square . ie accomplished as follows: i

Rooter Flip-flope in transceivers o provision for direct reset, sincs the reaet signal fuw transceivers in |
the divider comes from the clear F.P, and the present method of init, ol. !
doas not ensure that the clsar F.F, will ba set during init, ol. Since o
. : divider progrem may last longer than init. ¢l, rinlshing e program caonot .
| be dependad on for resatt1n5 prog-nm ermtrola in f.hin unit. !
{ r i - e e e e e -
; Procraa ring Cleared to ltnge A by cL* slyml. :
: Pulse sourew f1in-flop Resst by CL?, e T T/ L
: D'y, +b, and =) receivers “TReset by CLT.~ T T T e
Program ring flip-flop | Reset by CL, T e e e e e s e e
Numerntor Bi{nary Ring & Cleared to i stn.gn 'y l-'i-. T - T T i
j ‘Dencminator flip-flop Reset hy ce. - ' T T ’
i . Angwer Place Ring Clearsd to stags 1 by OL: - |
f : Clear £1ip-flop Reset by CL. i T
} - —— - . . . - I
! " Mnterlock f1in-flop Roset by CL' gated through S8 by 100, ]
N — _——— _
' Interlock coinoidence flip.flop | ROT REaLT by the present cathod.
! Sa0s Ny Sge Bace Dy, Qg +2, ) o :
: =2 anewer dizposal and argudent Reset by CPP, : |
i  mocunulator receiwvers, .
By, 250 Ds Reset by GP emitted n.t'tnr pu.lse sourpe ﬂ.ip-!'].op is reset.
Tt 1z plenned to modify the desigh of the divider in such a wey that the interlock coinsidence F.F. will
_ be eliminated and also so thet the transceivers will be reset during the init. ecl. periacd, .
?unctlon Flip-flops in trenscelvers neuet in a ma.xi.mm or 13 n.dd. tiues (uae chcumu.htor).
; Table Argument £1ip-flop and idd, and |Reset by CP* gated through 048 by ICO,
: | Sub, flip-flops L L L
; Program ring Cleared to stnge s by CPF? gated t-hrough BI.B hn].d open by ICG.
‘ Units and tens argument cumtars Cleared by CPP gated through Ma by zca. o
'! g::::m' ';ttt“_ Pli.p-flopu in trensceivers Reset in 1 add, tine {see Acounulutcr) !
| — e e ‘e B
' Reader Start flip-ﬂop Reset by CPF g.ted through 63 'by 1CG, I . -’
I

Under the resent nmethod of

i Fintsh f1ipflop Reset by CPP gated threugh 71 by IC0, ;’:‘:ﬁltzlx"ﬁ;d:::‘;:zh

, . Syncliranizing flip-flop . in the period betwesn the turh- .
! Printer Start fltp—ﬂop Reset 'hy CF?P Eated through 71 by Ica, ing on of the power und the

Finish P.F. is sot by CPP gated through 71 by I00, Them (BB gated through ~ o oeCUin& ©f the start flipflop,

I
I

l 66 sets synchronizing F.F. Normally negative output of synchronizing F.F.
I gates CFP through 69 go that: Plnishing and Synchroniging £isp-flope are
resst by the output of gate &9,

‘ Interlook f1ip-flop

Yaster e holdl ltepper output gatal elnscd 80 that matu' Projreamer can.not amit a progrem output pulse,
ProgrammeT g onpor input £1ip-flops Reset by PP gated through & if F.F 13 in abnormal state, -
Lstepper Counters Cloarsd to stage 1 by CPr gated through 07 by 16, N
I

Mastor progrommer decade countera! Cleered to ltlge o by Cre gnted tnrmgh Bu by IGG.
1
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a second, Both the MPC and ICG are carried to the other units of the ENIAC
in the d-c voltage cable,

At the time of writing of this report, the MPC is tazken only to the
master programmer's stepper output gates (see Section 10,3.1.). The MPC, a
negative signal closes down these gates so that no program output pulse can be
emitted by the master programmer while the MPC is on, Although a program
sequence may be initiated because the flip~flop of some transceiver comes up
in the abnormal state, it is impossible for a program sequence lasting 10 seconds
(of contimuous operation) not to go, at some time in that period, to the master
programmer, Since the master programmer, howcver, cannot transmit a program output
pulse while the MPC is on, program sequences which have started aceidentzlly are
broken here,

The way in which the initial clear gate is used in the units of the
ENIAC to prepare them for computation is shown on Table 2-2, The reader will
probably find it convenient to refer to this table in connection with Chapters
Iv-X., The circuit clements referred to in Table 2-2 ce&n be identified on the
block diagrams for the various units, The reader will notice that in many cases
clearing depends on the carry clear gatc and the central programming pulse cmitted
by the cycling unit, It is for this reason, that the cycling unit must be in
continuous operation for initial clearing to be accomplished,

On Table 2-2, two difficultics inhcrent in the present method of
initially clearing the divider and squarc rooter szre noted, One of these diffi-
culties, that the flip-flops in the transceivers may not be reset by the end of
the initial clearing period, arises from thd fact that in the divider and square
rooter, as in the other units of the ENIAC, no speecizl provision has been made

for directly resetting the trensceivers. In other units of the ENIAC, this causes
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no difficulty, For, suppose that a transceiver in the high-speed multiplier
comes up in the abnormal statc when the power is turned on, The multiplicr then
proceceds, during the time that the MPC is on, to carry out the program set-up

on the switches associzated with that transceiver, In a maximum of 14 addition
times the program is completed and the transceiver is reset.

In the divider and square rooter, however, there is no upper limit
on the length of time required for a division progr:im (diyision by zero, for
example, requires an infinite lungth of time)., Therefore, if a division program
is started because a transceiver comes up in the abnormal state when the ENTAC
is turned on or because zn accldentally begun program sequence stinmulates it,
there is no certzinty that the program will be completed and the transceiver be
reset by the end of the initial clear period,

Plans have been made to rovise this initisl clearing difficulty by
causing the clear flip-flop in the divider and square rooter to be set during the
initial clear period. Since the clear flip-flop in the abnormel state causes
the CL and CL! signals to be emitted, any flip-flops now reset by CL and CL!
will also be ruset by the modified method of initial clearing, The CL signal
also resets the clear flip-flop., The normally negative output of the clear
flip-flop provides a reset signal for the divider and square rooter!s transceivers.

Until the initizl clearing process for the divider and square rooter
is modified, the operator can circumvent this first difficulty by setting the
operation switches on this unit at square root instead of divide and the inter-
lock switches at NI (no interlnock), Since the maximum time for a sguare rooting
progran is 400 addition times (less than a tenth of a second), an accidentally
begun square rooting program is certain to be completed by the end of the initjal

clear period, The reason for setting the interlock switches on the program
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controls at NI is that, even though 2 program were completed, a program output
pulse would not be emitted and the transceivers would not be reset. unless the

interlock flip-flop also came up in the abnﬁrmal state or unless some progran

sequence, accidentally started, provided for zn interlock pulse,

The second difficulty, that no provision has been made for resetting
the interlock coincidence flip-flop, is also to be remedied, Plans have been
nade for naking a small modification in the divider and square rooter!s common
programuing circuits which will eliminate the need for this flip-flop., Until
this modification is made, the operator must pay particular attention to the
interlock coincidence flip-flop neon (see PX-10-302) before starting a computation,
When the interlock coincidence flip-flop is in the normal state, this neon is
off, If this flip-flop comes u.p.in the abnormal stete at the end of initial
clearing, initial clearing should be repeated until this flip-flop does cone

up in the normal state,
2,2, READER AND PRINTER PROGRAM CONTROL3 ON THE INITIATING UNIT

2,2.1, Reader Program Controls

Certain reader progran controls are found on the initiating unit
‘sce PX-9-302 and 9-307)., These include the reader start flip-flop and program
pulse input terminal (Ri), the rcader interlock flip-flop and interlock pulse
input terminal (Rl), the reader finish flip-flop, the reader synchronizing flip-
flop and progran pulsc output terminal (Ro), and associated gates, buffers, and
inverters, Thc reader start button is also on the initiating unit.

The reader start flip-flop is flipped into the abnormal state either
when Ri is pulsed or when, at the beginning of = computation (see Section 2,3.),

the reader start button is pushed. When the stert flip-flop is in the abnormal
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state, a start relay in the constant transmitter is activated so that the reader
is stimulated to read a card and ¢ause information read from the card to be
stored in the constant transmitter, A little less then half way through the
card reading cycle (see Chapter VIII), a reset signol from the reader resets

the start flip-flop, so that, even though reading is nct yet completed, the
start flip-flop i1s capable of again being flipped into the abnormal state (by
the reception of a pulse at Ri) to remerber that rcading is to take place again..

When rekding is completed, the reader emits a finish signal which
cazuses the reader finish flip-flop to be flipped into the abnormal state, The
interlock flip-flop is flipped intn the abnormel stzte when an interlock pulse
arrives at Rl »r, at the start of a coaputation, when the reader is stimulated
to read by the reader start button. The reader interlock flip-flop makes it
possible to carry on a sequence of pruograms in parellcl with reading &nd then
to stimulate the next program scquence when both reading and the parallel se-
quence have been completed since no program output pulse is emitted from terminal
Ro unless the interlock flip-flop is flipped into the abnormal state (see below),
If a computetion does not call for a sequence in parzllel with reading, the
operator can nrovide an interlock pulse by sending the pulse which goes to Ri
also to R1.

The coincidencs of signals from the interlock and finish flip-flops
causes gete 69 to emit a signal, The output of gate 69 gates a CPP through
gete 62 which then sets the reader synchronizing flip-flop. The CPP gated °
through 68 by the normally negative output of the synchronizing flip-flop gates
a CPP through 68 and, thus, provides a2 reader progrzm output pulse which is
enitted from terminil Ro. The reason that the synchronizing fllp-flop and gate

68 are used after gate 62 is to ensure a program output pulse of the proper
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sﬁape and in synchronisn with other program pulses.

Neons correlated with the flip-flops mentioned above are shown on
PX-9-305. Program controls for the recader in addition to those on the initisting
unit are discussed in Chapter VIII,

2.2.2, Printer Progrsm Controls

The printor progran eontrols on the initiating unit include the printer
start flip-flop and progrom pulse input terminal, the printer finish flip-flop,
the printer synchronizing flip-flop and program pulse cutput torminal, and asso-
ciated gates, buffurs, and inverters, Noons correlated with the flip-flops
appear on PX-9-305.

A program input pulsc received at Pi flips the printer start flip-
flop into the sbnormal state., This ceuses a start relay in the punch to be
activated so that the tubes in the printer arc set up for the data to be printed
and so that a card punching eyele is initiated (see Chapter IX). About 1/4
way throwgh the card punching cycle, the dunch emits a finish signal which re-
sets the start flip-flop and sets the printer finish flip-flop. The output of
the finish flip-flop in the sbnormal state gates a CPP through gate 66, The
output of 66 sets the printer synchronizing flip-flop whose output gates a CPP
through gate 69. The output of gate 69 is transmitted from PO as a program
output pulse,

The printer progran controls are discussed in grester detall in
Chapter IX,

2.3, INITIATING PULSE FOR A COMPUTATION: Reader Start Button and Initiating
Pulse Button,
Once the starting sequence is completed (amber and green pilot lights

are on), the ENIAC is rcady tc begin computing., To stimulate the computation to
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begin, however, a progrém pulse rnust be deliversd tc the input terninals of the
program ¢ontrols on which are set up the programs that begin in the first addition
time of the computation., Two alternative nmethods exist for stimulating the be-
ginning of a computztion,

If the first event of a computation consists of the reading of a carg,
the computation can be started by pushing the reader start button con the initiating
unit (see Section 2,2,1.}. When reading is completed, then, & program output
pulse is emitted from terminal Ro, This nulse can be used to stimulate the
programs of the computation which immediately follow reading. As was noted in
Section 2,2,1, pushing the reader start button alsc results in setting the reader
interlock flip-flop so that no interlock pulse nesd be orovided for a reading
initiated by the reader start button,

The terminal marked Rs on PX-9-302 porallels the reader sbkart switch
and is used for remote control (see Section 2,2.1.).

The second procedure for initisting o computation is to connect the
terminal marked Io (see PX-9-302) to the same program line as the input terminals
of the program controls used for the first programs of the computation. When the
initiating pulse button is pushed, the initiating pulse input flip-flop (see
PX-9-307) is set. Its output allows a CPP to pzss through gate 66 and set the
synchronizing flip-flop, The nutput of the synchronizing flip-flop gates a CPP
through gate 69 which resets the input and synchronizing flip-flops and causes
= program pulse to be emitted from terminal I,. WNeons correlated with the flip-
flops mentioned above are shown on PX-9-305,

The initiating pulse button has a second important use in connection
with testing the ENIAC. One of the chief techniques fur localizing errors in

gither the machinc or the sot-up of the mechine is to operate the ENIAC in the
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one addition time mode or in the one pulse time mode, Here, the pulses for one
additicn time or 1 nulse time at & time respectively are given out in sequence
every time the 1 pulse - 1 addition time button on the cycling unit is pushed
(see Chapter ITII), In this way, there is an opnortunity to observe the numerical
and programning nesns. Frequently, it is more convenient to proceed through a
portion of the computation with the ENIAC onerating in its normal or continuous
mode and then to switch to 1 addition time or 1 pulse time operation than it is
to progress through the entire computation non-continucusly. This may be
arranged by disconnecting the program cable which delivers the pulse used to
initiate the programs which are to be examined non-continuously. Ve cail this
point where the program cable is removed a break point, When the initiating
pulse button is pushed, the computation begins and progresses to the break point,
Viith the necessary switch made in the cycling unit (see Chapter III), computation
in the non-continuous mode can be stimulated by delivering the initiating pulse
from terminal Io to the program line from which the program cable was removed,
The reader will notice that after the initiating pulse button is pushed, two
addition time cycles, one in which 2 CPP passes through gate 66 and one in
which a CPP passes through gate 69, are required before the initiating pulse is
delivered,

The emission of the initiating pulse may also be stimuluted by remote
control, The terminal marked Is on PX-9-302 is used to parallel the initiating
pulse switch with a switch which may be carried anywhere around the ENIAC room

3*
nnd which is connected to I via a program line which h:s no load box,

“hlsc see the discussion of the portable control box in Section 1l,6.
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2,4, SELECTIVE CLEAR CONTROLS

There arc 6 selective clear program controls on the initiating unit.
Eaeh control consists of a transceiver with a program pulse input (Ci) and out-
put (Co) terminal on the front panel, The six sclective clear transceiver out-
puts are conneeted in parallel to a line of the synchronizing trunk, When a
sélective clear transceiver is stimulated, its flip-flop emits a signal called
the selective clear gate (SCG). One addition time later, the transceiver is
reset by a CPP and a program output pulse is emitted, Neons assoclated with the
selective clear program controls are shown on PX-9-35§,

The selective clear gate is delivered by the synchronizing trunk to
the 20 accumulators, When the SCG is given out, any accumulator‘whose selective
clear switch is set at SC clears in accordance with the setting of its significant
figures switch (see Section 4.2.3.). Notice thot selective clearing lasts but
one addition time and clears only the decade and FM counters of accumulators,
The selective clear feature provides a convenient means of clearing the group
of accumulators which store data for the printer (see Chapter IX) after pripting

takes place (see the illustrative problem discussed in Sections B,7 and 9.5.).
2,5, DEVICES FOR TESTING THE ENIAC

Located on the initiating unit (see PX-9-302) are the following
devices for testing the ENIAC: d-c voltage meter and associated voltage selector
switches, d-c voltage hum oscilloscope, and a-c voltage meter and voltage se-
1+ctor,switch,

The d~¢ voltage meter together with the two d-c voltage selector

switches provide a means of examining any of the ENIAiC!s 78 d-c voltages. The
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d-c voltage chart below the selector switches indicates which voltage is
measured as a result of the combination of settings on the switches,

The a-¢ voltage meter and switch are used to measure the three
phases of one of the two bus systems supplying 110 volt a-c to the filament
transformers of the various units, Further details concerning the use of the
testing devices mentioned above as well as others not located at the initiating

unit are to be found in the ENIAC MAINTENANCE MANUAL,
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III CYCLING UNIT

The cycling unit of the ENTAC is the deviee whish provides pulses
and a gate .t‘or the other units to operate »n and which, thus, keeps the units
operating in csynchronism with one another,

. Normally a quarta crystzl oseillator emits 100 ke sine waves which
are converted into pulses spaced at 2 10 ps interval by a pulse stendardizer,
The fundamental time unit for the ENILC, & pulse time, is thus 10 ps, The
output of the pulse standardizer ;gocs to the so ealled on beat eircuit which
contains another pulse standardizer and tubes for power emplification, The
on beat ecircuit emits pulses (through one of its 3 outputs) to the off beat
ceircuit, The off beat cifcuit shapes, amplifies and delays the pulses which
it receivos, One output «f the off bezt circuit, delayed 1,25 ns ﬁfter the
on beat pulses,is taken to a 20 stage ring counter (neons correlated with
. the stages of the ring are shown on PX-9-304) which controls certain gates
and flip~flops, The off beat pulses, delayed 2,5 ns after the on beat pulses,
are taken to a gate which is controlled by a flip-flop, in turn, controlled by
the ring, Other pates associated with the ring pass on beat pulses.  The ring
~with its associsted flip~flops 2nd gates is responsible for producing a pattern
of pulses repcated every 20 pulsc times (or ewery addition time). The gate
and each of the 9 different kinds of pulscs (sce PX~9~306) enitted every
addition time ere each carried on one of the 11 leads of the synchronizing
trunk (see Chapter II for the use of the 1llth lead), The verious units of
. the ENIAC usre connected into the synchronizing trunk so that they can pick
up the pulses ‘needed for their operation,
The pulses generated by the cyelin: unit or pulses from some external

source can be viewed on the screen of an oscilloseope built into the cyeling
‘I' unit.

gates, Sec. 3.,1; methods of operation of the cycling unit and ENI.C, Sec, 3.2;

This chapter will cover the fcllowing topies: sources of pulses and
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eycling unit oscilloscope, Sec, 3,3, Reference will be made to the following
drawings:
Front Panel of the Cycling Unit PX-9-303
Front View of the Cycling Unit PX-9-304
Block Diagram of the Cycling Unit
and Initiating Unit PX-9-307

Cycling Unit Pulses and Gates PX-9-306
3.1l. PULSES AND GATES AND THEIR SOURCES

3.1.1, The Pulses and Gates

The nine different kinds of pulses and the gate emitted by the
cycling unit every 200 ps are shown on PX-9-306. The 10P are classified as
off beat pulses; all other pulses as on beat, Each of the 10P, 9P, 2P, 2'P,
LP, the 1P, 1'P and CPP are reughly the same in shape and alike in duration
(namely, 2 ps), They differ fron one another in the line of the synchronizing
trunk over which they are transmitted, the part of the addition time cycle in-
which.they'are emitted, and the purposes for which they are used in the ENIAC,

The 9P, the 1'P, the 1, 2, 2', and AP are commonly used as digit

pulses. An accumulator transmits the number stored in it or the complement of
the number stored in it by gating appropriate numbers of the 9P over the varieus
lines of the digit output, In the transmission of complements from an
accumulator, the 1'P is gated and-allowed to pass over the lead which carries‘
the extreme right hand significant figure being stored in the accumulator to

make a tens instead of nines complement, The 1, 2, 2!, and 4 pulses are used

particularly where information stored in static form is converted into pulse
form, e.g. in the high speed multiplier, the function table, the divider-square-
rooter, and the constant transmitter, By suitable combinations of the 1, 2, 2,

and 4 pulses any number between 1 and 9 can be formed, The 1OP are used only

in accumulators, They serve to cycle each counter around back to the position
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it starts from when the transmission of & number and/or its complement from
an accumulator takes place (see See, 4,3.1).

The carry clear sate (which lasts from pulse time 11 to 17) is used

to cause the clecaring of accumulators which, at the operatorts option, may or
may not tzke place after transmission from zn accumulator (see Sec. 4.2.3.).
The carry clear gnte slso allows a carry over pulse to pass from a cecade
counter to the cdecade counter irmediately to the left if carry over takes place
in the reception of a number by an accumulator (see Sec. 4.3.2). Carry over
can take place in two ways: delayed or c¢irect, In delaycd carry over, the first
reset_pulse pessed through & gate (which is controlied by a flip-flop that
remembers that carry over is to take place) is pated by the carry clear gate

8o that it can reach the next decade. The second reset pulse resets this flip-
flop. Direct carry over takes care of carry overs which result from carry
over, In this latter form, the pulse which necessitates carry over (and not
the reset pulse, as above) is the one which the carry clear gate allows to

pass to the next decade counter, The reset pulse is emitted twice, once

during the emission of the carry clear gste for delayed carry over and once
after the carry clear gate to reset carry over flip-flops which may be set
after delayed carryvover takes placc, ani§2§zt pulse is &also used to rsast

a flip-flop (the same one used for cerry over in reception) which is set in
the process of transmitting from an accumulator,

The principal uses of the gentral program pulse (emitted at pulse

time 17) are the provision of the program pulses needed to stimulete program
controls and the resetting of the rceeivers and transceivers in these program
controls,

3.1.,2, Sources of the Pulses and Gatas

a plock diagran of the circuits of the cycling unit which are involved
in generating the pulses and gatcs emitted by this unit appears on the left
hand half »f PX-9-307,
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The oseillator (61, 63) emits 100 KC sine waves which the pulse
. standardizer (K, L26) converts into pulses spaced at 10 us intervals.

In continuous operstion (sce Sec. 3,2,) each pulse from the vscil-
lator and pulse standardizer cireuit is cdelivered to the on beat circuit. -
specizl pulse stondardizer in this circuit (tubes 61 and 62 and thelps deley

. line) produces rectangular pulses 2 #s brosd, The on beat circuit has 3 cut-
puts, One of the outputs is brought to a terminal labelled on beat pulse
output terminal {sec PX-9-304), For every pulsec received by the on beat
c¢ircuit, a pulse in phase with the 9P is emitted from this terminal, These
pulses 2re used in the test oquipment of the ENI.C (sce ENIAC MAINTENANCE
3aNUAL), .nother output of the on beat circuit delivers pulscs to gates -
agsociated with various stuges of the cycling unit ring and the third output

delivers pulses to the «ff beat circuit,

Off beat pulse

- e e m m wn e W e e e E -

[T —
Pulse to cyele ring ['_-:_"-_--_-_ ;I L..-d.
j =
e =
On beat pulse  ——db—wbecfg g o g gt g LTI
o2 3 3 5 v 7 8 9 B . 2
Duration in us
Figure 3-1
. The off beat cireuit routes these pulses through a 2.5 ps delay line,

This delay line is tapped at half its length, for the pulses which cycle the
ring counter, Thu pulses delayed the full 2,5 ps, called the off beat pulses,
are delivered to gete L30 (se2 Fig, 3-1 for a chronological comparison of the

. on beat and >ff beat pulses ancd the nulses which cycle the ring}.
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The off beat pulscs pess through L30 to produce the 10P as long as

. gete L30 is held open by the 10P flip-flop (129) in ‘tne abmormal state, This
flip-flop is flipped into the abnormal state when the ring counter is in stage
zero and remains in this state until reset by a signal from gate 430 (which is
controlled by stape 10 of the rinz)., The 1COP neon currclated with this flip-

. flop is shown on PX-9-304.

Stage 1 of the ring controls gate K30, The on beat pulsce passed

through gate K30 zives rise to the 1P and the first of the 9P, Stage 2 of

the ring cntrols gate J30, The on beat pulse passed through gate J30 5ives
rise t> the first of the 2P and the second of the 9P, etec. In this way, the
1, 2, 2', and 4P, and the 1'P are generated in the chronological ordor shown
on PX~9~306, *

When the Eycling unit ring roechss stuge 11, ‘' gate B27 opens te

pass an on- beat pulse, This signal sets the carry clear gate flip-flop,

. E27 (see PX-9-304 for the associzted neon), This flip-flop remains in the
abnormal state for the next 7 pulse times, being reset by an on beat pulse
nated through gate H27 which is controllecd by stage 18 of the ring. The signal
from the carry clear gate flip-flop in the abnormal state produces the CCG,

While the corry clcar gate is on, an »n beat pulse gated through
gate C27 (which is controlled by stege 13) produces a reset pulse. The
second reset pulse is produced when the ring is in stage 19,

o sigmal fron staze 17 of the ring gates an on beat pulse through

sate 27 to produce a CPP,

. all of the cycling unit pulses and gates shown on PX-9-306 are
passed through eycling unit transmitters (61-70, 21-30, or 3-12) for power
amplification before transmission from the cyeling unit,

It is cxpected thet most of tho time the ENIACYs oseillatur eircuit

. with its 100 kiloeyele rate will be used in the cycling unit., If for any

reason it is desired to operate ths ENIAC at some other rate, a different
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aseillator can be plugged in and used to supply pulses to the on beat circuit.

When the nseillator switch (see PX-9-304) is set at Ext, and an extoernal oscil-

lator is plugged into the external oscillator input terminal at the right of
this switch, the fundamental pulses for the cycling unit are derived from the
external sscillator, When the eycling unit's oscillator supplies the fundamcen-
tal pulses, the cscillator switch is sct at Int. It is to be noted that thse
time constants for the ENIAC's circuits have been desipned for & frequeney of
100 KC and certein safety factors have:gﬁzluded on this basis, If a higher
frequency is usaed, these safety factors will be lost so thet the reliability
of the ENI..C will be cdecrensed,.
3.2, METHODS OF OPER.TION

The cycling unit can be set up so that the ENL.C operctes in one of
3 nmodes:

1) continucus opertztion ot the funcdamentzl frequency of the

oscillator used,

2) one addition time operction in which the cyeling unit supplies

the pulses for only one addition time cyclo at the oscillator
rate with a wait of any length desired by the operator between
addition times.

3) one pulse time opercztion in which the cycling unit supplies the

pulses of the addition time cyele one at 3 time with 2 wait of
any lentth desired by the operator between pulses,
Continuous operatiosn is the natural method of operation of the ENI.C.
One addition time or one pulse time operetion is used for testing and checking
purposes, One acditicn time cperation is particularly useful in checking a
getwup that is put cn the ENI.C. Before actually running through a complete
computation continuously, the operator can cause the ENL.C to progress through
one cycle of the computation addition time by addition time, By cbserving the

neon bulbs in the various units, he can then check to see that the units are
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. operating properly a.nd- that switch settings and cable connections have been
made correctly te carry out the contemplated set-up, To test whether cr not:
a particular uz_1it is functioning properly, 1 addition time, or, for finex
diserimination, one pulse time operation ean be used,
. The cycling unit controls which are used for the various modes of

operation are the operation selector switech and the 1 pulse time-). addition

time push button (sce PX-9-303). When the operation selector switch is seb

at Cont., the ¢ycling unit emits the pulses and gates continuously. When
this switch is set at 1 Add, the pulses and gates for 1 complete addition time
cycle are given out every time the 1P-1A button is pushed, With the switch
set at 1 Pulse, the pulses or gates of the addition time cycle are given out
in chronological sequence, one each time the 1P=1A button is pushed, It might
be mentioned that all three modes of operation are possible whether the ENIAC's
. oscillater or an external oscillator is used to supply the fundamental pulses,
Centinuocus or non-continuous eperation is accomplished by allowing all
pulses or _'only certain pulses from the oscillator circuit to reach the on beat
circuit (and then the off beat circuit, and the ring with its associated gates),
The continuous relay, the 1 addition time relay, gates L 28 and L 27 and the '
1 pulse - 1 addition time push button (see PX-9-307) are used for this purpose,
It might be pointed out that gate L 27 is conncctcd to the nornully positive out-
put of stage zero of the ring, Thus L 27 is closed when the ring is in stage
zero and open at all other times,
. In continuous operation, the requirements are that the circuit con-
taining gates L 27 and L 28 shall pass all of the pulses from the oscillator
and that accidentally pushing the 1 pulse - 1 addition time push button shall

have no effact, The requirements are met in the following way: with the
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operation switch set at continuous (as shown on PX=5-307) the continuous relay
is activated =o that contacts 1 and 3 are closed and the 1 addition time relay
. is not activated so that contact 6 is closed, Now with eontact 1 closed, the
cathode of tube 70 (at the left) floats and the tube is, therefore, inoperative.
Since this tube is not conducting, a positive voltage is applied to gate L 28,
The circuit through contact 3 delivers to the pulse standardizer K-L 26 and then
to gate L 28 the oscillator pulscs which then pass through gate L 28,
When the operation switch is set at 1P or 1A respectively, only the
pulse which results from pushing the 1 pulse - 1 addition push button or only
20 oscillator pulses immediately fgllowing the pushing of the button are to
reach the on beat circuit., Let us, therefore, consider the cireuit containing
. the 1 pulse - 1 addition push button, Tubes 68 are normally on and tubes 69
constitute a flip-flop with but one stable state (a non-standard flip-flop for
the ENIAC). The normally positive output of this flip-flop is taken to tube 70
and the normally negative output is used to reset the flip-flop immediately after
it is set, When the push button is pushed, tubes 68 go off and the flip-flop is
set momentarily; otherwise, this flip~-flop remains in the normal state,
When the operation switch is set at lP, neither the continuous nor
the 1 addition time relay is activated so that contacts 6, L, and 2 are closed.
The eirecuit through contact 2 connects the cathode of tube 70 (at the left) to
. -LOV so that, with the flip-flop (69) in the normal state, tube 70 is on. The
negative output of this tube holds L 28 closed. Only wheh the push button is
pushed is tube 70 turned off so as to open gate L 28, The positive pulse from
tube 70 (at the left) also passes through the other tube of the same number and,

. through contacts & and 4, is delivered to the pulse standardizer and, finally,

gate L 28,




In 1 addition time operation, contacts 5, 4, and 2 are closed,

The eircuit through contact 2, as deseribed above, causes gate L 28 to be opened
momentarily when the 1 pulse = 1 addition time button is pushed, The circuit
through contacts 5 and 4 delivers the oscillatorts pulses to the pulse standard-
izer and the gates L 27 and L 28, The first oscillator pulse passes through
gate L 28, This pulse results, finally, in cycling the ring from stage zero
to stage 1 so that the subsequent 19 pulses from the oscillator pass through
gate L 27, When the ring reaches stage zero again, L 27 is c¢losed and L 28
does not open again unless the 1 pulse - 1 addition button is pushed, In case
the cycling unit has been running in the 1 pulse time mode and is switehed into
the one addition time mode in the nidst of an addition time cycle, the pulses
and gates for the remainder of the addition time are given out immediétely
(since gate L 27 is open), whether or not the 1 pulse - 1 addition button is
pushed.

Controls are provided which enable the operator to control the method

of operation of the cycling unit when he is standing near some unit different

from the cycling unit, The PA, 14, and Cont, input terminals (shown on

PX-9-303) make this possible, Portable push buttons may be used in connection

with these terminals by plugging them into program lines (with no load box)
which are in turn connected to each of the terminals PA, 1A, and Cont,

A push button connected tc terminal PA parallels the 1 pulse - 1 add i

addition time push button, Portable push buttons connected to the 1A or Cont,
terminals can be used only when the operation selector switch is set at 1
Pulse, since, with either of the other settings, the mode of operation circuits
are locked so that they cannot be entered except from the operation selector

. awitch, Closing the button connected to terminal 14 causes the 1 addition
time relay to be activated; closing the button connected to the Cont, terminal

causes the continuous relay to be activated,
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A more convenient method of operating the 1 pulse time - 1 addition
time push button and the operation selector switch from any place in the ENIAC
room is provided by the portable control box, This box, which parallels certain
controls found on both the initiating unit and the cycling unit, is discussed

in Section 11,6,
3,3, THE CYCLING UNIT OSCILLOSCOFE

An oscilloscope whose screen is shown-on PX-9-303 is built into
the cycling unit, The oscilloscope input switeh with its 12 positions makes
it possible to view any of the groups of cycling unit pulses or gates, the
selective clear gate, or any external signal brought to the cycling unit
through terminal Ext, below the switch,

It might be noted that the main purpose of ﬁhe oscilloscope is to
make possible verification of the presence of the pulses and to provide a
rough check on their amplitudes, When viewed on the screen, the cycling unit
pulses and gates should be approximately an inch high as indicated by the line
on the oscilloscope screen, Because of their reflection in the lines of the
synchronizing trunk, the cycling unit pulses and gates seen on the oscillo-
scope screen do not have the symmetrical square shape shown on the chart below

the screen,
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IV ACCUMULATOR

The accumulator serves as a memory and arithmetic unit, Each
accumulator can store and operate on a number having as many as 10 digits
with its sign indication, Two accumulators can be interconnected by special
plugeging of their interconnector terminals sec that they can store and operate
on a signed number with as many as 20 digits, Programming memory is provided
by the transceivers of the accumulatorts 8 repeat program controls, Repeat
switches included in the repeat program controls make it possible for an
accumulator to remember that it is to transmit a pregram output pulse 1 to 9
addition times after receiving a program input pulse. In addition to 8 repeat
program controls, the accumulator has 4 non-repeat program controls which have
receivers and can, therefore, receive but not transmit a program pulse.

Because an accumulator is capable of receiving a number or of
transmitting the number and/or the complement of the number stored in it, an
accumulator is capable of performing the operations of addition or subtraction.
Repeat program controls on the ENIAC make it possible for the accumulator to
receive or transmit repetitively from one to nine times when a given repeat
program control is stimulated, Each accumulator has 5 digit input channels
through any one of which it can receive a 10 digit signed number, Mechanical
shifters plugged into these input terminals make it possible to receive the
incoming number shifted to the right or left, Thus, the accumulator, through
repeated addition, can carry out the multiplication of a number by a constant
having one or more digits,

The ability to do addition and subtraction und the presence of
transceiver units in the accumulater also make it possible for the ENIAC to
compare the magnitudes of two numbers in accumulators and, on the basis of
this discriminztion, choose which of 2 alternative program courses is to be
followed,

The accumulator can clear its contents to zero in all decades or can
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. clear so that zero remains in all decades but one and a five remains in that
one (clear to 5)., The ability to clear to § in a given decade combined with
the possibility of plugging a deleter into an accumulator's digit output
terminal or terminals makes it possible to use the accumulator to round off

. nunerical results,

The static outputs of various stzges of the 10 decade counters and
the binary PM counter of an accumulator can be connected to other units such
as the high speed multiplier or printer so that these units can receive in-
formation zbout the number stored in a given accumulstor statically, (see
Sec. 4.3.3.).

The following topics regarding the accumulstor will be discussed
in this chapter: Sec, 4.1, program controls; Sec. 4.2, common programming
circuits; Sec. 4.3, numérical circuits; See, 4.4, use of accumul:tors for

. fewer or more than 10 digit computations; and Sec. 4.5, problems illustrating
the use of accunulators. Reference will be made to the following diagrams:

Aceumulstor Front View PX-5-305

Accumulator Front Panel = PX-5-301

hccumulator Block Diagram  PX-5-304 -
4.0, GENERAL SUMMARY OF THE JLCCU;“.'MLhTOR ;

Each accumulator has 12 program controls (see PX-5-301). Four of
these are non-repeat program controls; eight are repcat.. Each of the 12 pro-

" gram controls has an operation switch for spécifying the operation (receive,

. transmit, or ﬁeither) which the accumulator is to perform and a clear-correct
switch, In addition, each non-repeat control has a receiver with a program
pulse input terminal; each repeat program control hcs a transceiver with
program pulse input and output terminals and a repeat switch. Neons assoclated

. with the 4 roceivers and 8 transceivers are shown on PX-5-305.

The 12 program controls operate c.:ommon programaing circuits (see

PX-5-304), the receive circuits, the transmit circuits, the c¢lear circuits

|
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(includinig the significant figures switch and selective clear switch), and a
circuit which enables the accumuletor to pick up the 1'P, The repeat awitches
of the 8 repeat program controls also operate in conjunction-with the 9 stage
; repeater ring circuit., The repeater neons (see PX~5-305) arc odfrelated
with the stages of the repeater ring,

The programming circuits common to all 12 program controls operate
the accumulator's numerical circuits (see PX-5-304)., The accumulator's
numericai circuits consist of 10 decade plug in units and a PM-clear plug
in unit, Each decade plug in unit consists of a decade (10 stage ring)
counter, a decade flip-flop (16, 17), a stage nine gate (14), resct pulse
gate (18), carry over gates (19 and 20), A and S oufput gates (21 and 22
respectively) end transmitters, a pulse standordizer and several inverter
tubes, Each deczde counter stores 1 digit of & number and plays a part in
the reception or transmission of one digit of the total of 10 digits that the
accumulator can handle, The decade flip-flop has 2 purposes: (1) In recep-.
tion it remembers if carry ovsr is to tzke place; (2) in transmission it
controls the A and S output gates, Gates 14, 18, 19, and 20 participate in
the carry over process, Gate 18, moreover, controls the resetting of the
decade flip-flop, The decades arc numbered from right to left so that units
decade counts as decade 1 and the 107 decade, as decade 10, There is a neon
bulb associated with each stage of a decade counter and with the decade flip-
flop (see PX-5-305),

The PM-clear unit contezins a binary ripg (PM) counter, A and S out-
put gates and transmitters, a pulse standardizer, and zmplifier tubes for the
clcar signal, There is also a special transmitter for the 1'P used when the
accumulator trznsmits subtractively, The PM counter has stage P for positive
numbers, and stage M for negative numbers {which are treated as complements
in the ENTAC). It should be noted thst pulse input to the PM counter can coms

not only from the PM lead of a2 digit input terminal, but also can result from
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carry over from the 10th decade, This latter fact makes possible the correct
addition or subtraction of signed numbers, Neons correlated with the stgges‘
P and M of the PM counter are shown on PX-5-305,
When storing the number +2 345 098 765, the accumulator's face
will have the appearance shown on PX-5-305 (a) where a darkened circle denotes
a 1lit neon bulb, and the corresponding stages of the various counters will be
in the abnormal state,
The negative of a number is represented in the ENIAC by the complement
of the number with respect to 1010*. An accumulztor stores the number
-2 345 098 765 in the form M+(1010-2 345 098 765) or M+(7 654 901 235), ihen
an accumulator is storing ~2 345 098 765, the digit neons appear as in Px-5-30%
(b) and the corresponding stages of the counters are in the abnormal st.a.‘t'.e.*'rr
The decade countem znd PM counter transmit their digit output through
either or both of 2 terminals, the A (add) and S (subtract) output terminals,
The number stored in an accumulator is emitted over the A terminaly the com-
plement, over the S terminzl, The counters can receive their inputs from any
one of 5 input terminals identified by the letters a, B, y, 8, €. The decade
counters and the PM counter of an accumulator receive or transmit the infor-
mation fer all 10 digits =2nd sign simultaneously (the transmission of the
pulses for each digit is, however, serial),
4,1, PFROGRAM CONTROLS AND THE SIGNIFICANT FIGURES AND SELECTIVE CLEAR SWITCHES
As stated earlier, each accumulator has 12 program controls: four
nen-repeat controls (consisting of receiver with program pulse input terminal,
mperation switeh and clear-correct switch) and 8 repeat controls (consisting
of transceiver with program pulse input and output terminals, operation switch,

clear-correct switch, and repeat switch). In this section the possible settings

#* Also see Sec, lLel.h,
#*When two accumulstors are interconnected to form one 20 decade accumulator,
complements are tazken with respect to 1020,
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and uses of program control switches will be described. The significant
figures switch and selective clear'switch which are more properly classified
as part of an accumulator's common progrzmming circuits are also described
here. The switches ére shown on PX-5-301, Neons correlated with the 12 pro-
gram controls are shown on PX-5-305.

L.1.1. The Qperation Switch

The operation switch has 9 positions: a, B, ¥, 3, &, 0, 4, S, AS.
If the operation switch of a stimulated program control is set at one of the
settings a, B, vy, 8, or g, the 2ecumulator receives the pulses representing
any number transmitted over the digit tray to which the corresponding digit
input terminal is connected, Obviously, if that input terminal is not con-
nected to a digit tray or is connected to a tray not carrying pulses at the
time the control is stimulated, the accumulator receives no pulses. This
point will be referred to in See¢, 4.1.2, in connection with the clear-correct
switch,

If the opera@ion switch is set at A, 5, or AS, the accumulator
transmits its contents, the complement of its contents, or both respectively
when the control is stimulated,

The setting O instructs the accumulator to neither receive nor
transmit., This setting is useful on non-repeat or repeat control operation
switches when it is desired to clear an accumulstor without receiving or
transmitting (see Sec, 4.1.2,). When aet on the operation switch of a repeat
program control, the setting O provides a means of obtaining a program output
pulse delayed from 1 to 9 addition times without, however, disturbing the
contents of the accumulator. (See the discussion of dummy programs in
Sec. 4i5.).

4,1.2, The Clecar-Corrsct Switch

The clear-correct switch can be set at either C or O. The accumu-

latorts interpretation of the setting C dcpends on the setting of the associated
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operation switch.

If a stimulated program control's operation switoh is set at one
of the transmit settings (A, S, or AS) or is set at 0, the accumulator clear;
either to zero in all decades or to zerc in all decades except one in %hich
it clears to 5, The setting of the significant figures switch {see Sec, 4.1.4)
determines whetle» clearing is to zero or 5 and, if to 5, in which decade
the 5 appeare, |

With th- operation switch set to a receive setting a, B, ¥, §, or g,
the setting C of the clear-correct switch gives the instruction "pick up the
1'P from the synchronizing trunk and put it in the first decadem. If there
are no digit pulses coming to the digit input terminal when the controcl set
up in this way is stimulated, the accumulator simply picks up the 1'P. If
there are actuzlly pulses coming to the digit input terminal, these ere first
received and then, when the cycling unit emits the 1'P, this pulse also is
picked up and put into the first decade, A M"receive - C" program in which
digits are received and the 1'P is picked up is, however, not possible when
the digits are peing tronsmitted as a complement from another unit in such a
way that the 1'P from the digit tray also arrives in units place. (See
Sec., 4.3.1.)

There are at least three occasiong when the "receive -C" setting
of a program control proves usqful. If a given accumulator is being used to
store the independent variable, the accumulator can be progrummed to pick up
the 1'P wheneyer it is desired to increase the value of the independent
variable by one_(see the 1llustrative problem of Chapter VIII). In some
problem set-ups, an accumulator may receive from the S output terminal of
the product, quotient, or two root accumulator, a complement with respect to
9 in all decades instead of a 1010 complément (s¢e Chapters V and VI and
Sec, 4.3,1,)., Also, an accumulztor may receive a number transmitted as a

complement by a second accumulator and shifted to the right enrcute so that
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the original 1'P needed to make a tens complement (sce Sec, 4.3.1.) is lost,
The missing pulse, in ejther case, can be picked up through a "receive -C"
progran,

L.1,3. Repeat Switch

The repeat switch (which is found only oh ropeat program controls)
can be set to any number between one and nine inclusive, The accumulator
carries out wheztever operation is set on the associated operation switch as
many times as is specified by the setting of the repeat switch, - Each
repetition requires one addition time so that if the repeat switch of a
control is set at # (1< r<9), r addition times must be allowed for the pro-
gram eet up on that control, The transceiver of a repeat program control
emits a program output pulae at the end of r addition times,

It is to be noted thet if the clear switch of a repeat program
control is set at C in connection with an 0 or transmit setting of the
operation switch, clearing of the accmmlat.or-take place but once, at the
end of the r} addition time, The setting C in connection with a receive
setting of the operation switch of a repeat program control causes the accumu-
lator to pick up the X'P in sach of r addition times,

If the number a is stored in one accumulator and the number b in
another accumulator, a 4 rb (where 1< r §9) may be formed in the first accu-~
mulator through the use of a repeat program control on each accumulator, The
operation switch of the control on the first accumulator should be set at a
receive setting and the repeat switch, at r. The operation switch of the
second accumulator!s control should be set at 4 (ifz+rb is to be formed) or
at S (if a-rb is to be formed) and the correlated repeat switch, at R>r.
(see Problem 1, See. 4.5,) .

In a similar fashion, it is possible to forma «b r, 10 -1
In this case where the coefficient of b has more than one digit, shifters

(eee Secs. 4,5 and 11,2) are used to effect multiplicaticn by powers of 1D,
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Notice that if the coefficient of b has p digits, p program controls will
usuzlly have to be used on the receiving accumul:tor but fewer than p may
suffice on the transmitting accumulstor, For exzmple, 234b may be formed

in an aceumulator through®*the use of cne program control (set-up to trensmit
additively 9 times) on the tronsmitting accumulator, Three program controls
must be used on the receiving accumulstor: one set up to receive, say on a,

4 times; another set up to receive on B, 3 times; a third set up to receive
onvy, twice, A shifter which shifts numbrical data 1 place to the left should
be used at the p input terminzl und one which shifts numbers two pl-ces to the
left, at the y input terminal of the recsiving sccunulator., 4As 2n oxample of
the circumstances under which fewer than p program eontrols suffice on the
transmitting accwalator, consider the czse of forming 99éb. This can be

done by prograrming the accumulitor which stores b to trunsmit subtroctively
twice ¢nd then zdditively once and by progrsmming the receiving accumulitor to
receive twice thru an input terminal without a2 shifter and onece thru an input
terminal with :z shifter th-t displaces deta 3 places to the left (i,e, form
998b as 10°b - 2b),

L.1.4. The 8ipnificant Figures Switch

The significant figures.switch is = part of the common programming
circuits which function when the zeccumulztor tronsmits subtractively or when
the accumulstor clears, The significant figures switch has cleven positions,

0, 1, ...y 10, Thesc numbers refer to the number of significént figures,
counted toward the right from the PM counter, to be retained in the accumulator.

If the significant figures switch on an accumul.tor is set at s
(0¢5€410), when clearing takes place, decade 10-s (i.e. the 541" decade
from the left) clears to five and all other ducades to zero, When a single
accunulator is used, this means that the sccumulator is cleared to zero in

all decades if its significant figures switch is set at 10, If two accumu-
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lators (see Ses, h.h.2.) are interconnected to form a 20 decade accumulstor,
the setting sel0 on the left hand accumulstor causes it to clear to zero in
all decadesy the right hand accumulator then elcars in acecordance with the
setting of its significant figures switch, For example, if 11 signifiecunt
figures are to be stored in the 11 left hand decades of a 20 decade accumu-
lator, the significant figures switches of the left and right hand accumulators
respectively are set at 10 and 1,

The setting of the significant figures switch also determines the
decadz place intc which the 1'P is put when an accumulator transmits subtrac-
tively, With the significant figures switch of an zccumulator set at s, the
1'P is transmitted over the lead for decade place ll-s, i.e., the sth deczde
place from the left, If the significant figures switch of an accumulator is
set at 0, this means thet the 1'P is not transmitted when subtractive trans-
mission takes plnce, It is to be noted thet the 1'P is picked up 2nd put into
units decade of an accumulator (which,in the case of 2 interconnccted sccumu—
1&t6:és;, mean the 20th decade from the left) when a "beceive-C" program control
is stimnulated regzrdless of the setting of the significant figures switch,

Notice, thet as far as rounding off a number in an accumulator is
concerned, the setting of the signifieont figures switch provides only for
getting the correct s digits from the left, The significant figures switch
setting has nothing to do with deleting the non-significant digits at the
right, The operator provides for the deletion of non-significant figures
by placing a deleter at the gutput” terminal or terminals of the accumulator
storing s significant figures (see Secs, 4.5 and 11,2). When printing of an
s significant figure result is to take place from an accumulator and the nonw

significant figures at the right have nct been deleted, deletion can be

# The deleters constructed at present can be used only at digit output
terminals, Special deleters, however, can be constructed for use at
digit input terminals,
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provided for in the set up of the IBM punch plug board (see Sec. 9,4 for an
illustration),

L,1.5. The Selective (lear Switch

The selective clear switch has two positions, SC and O, When the
selective clear signal s transmitted from the initiating unit (see Chzpter iI),
all accumulators whose selective clear switches are set at SC cleary those
accumulators whose selective clear switches are set at O do not clear,
4,2, COMMON PROGRAMMING CIRCUITS

4.,2.1. The Receive Circuits

When the receiver or transceiver of a program control whose operation
switch is set at g receive setting (d, B, ¥s 8, or g) is stimulated, 2 signal
from the normally positive output of the flip-flop is delivered (after passing
thru an inverter and a buffer) by way of one deck of the oparati;n switch to the
receive circuits of the accumulators.. The receive circuits include gates A
through E 47, buffer tubes (A-C 48, A, C. E, G, and J 46, and A~D 49), and the
5 sets of receive gates A-L 41, ..oy A-L 45 for the digit input terminals q
through e respectively,

The signal from the deck of the operation switch (referred to above)
applied to the set of receive gates corresponding to the setting of the switch,
opens the ll receive gates for that digit input channel. Simultaneously, then,
the digit pulses for the 10 decade places and the PM place are received in the
accumulator. The pulses fer each place are routed to the appropriate counter
with each pulse received at a counter cycling it one stage.

The signal applied to one of the gates A-E 47 allows the carry
clear gate to enter the accumulator and play its role in the carry over process
(see Sec. 4.3.1.).

4.2,2, The Transmit Circuits

If a stimulated program control is set up for transmission {operation
switch set at A, 5, or AS), a signal from the normally positive output of the

flip-flop opens one of the pates F, 3, or H47 so that the 10 P are admitted
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%o cach of the decades of %he ceccumul:ztor, The role plzyed by the 10 P in
tronspission is described in See, 4.3.1, The signal from the flip-flop ulso
apené gate F49 (if S), JL9 (if A) or gstes G =nd HL9 (if AS) so th:t the 9P
can pass to the A& andfor S output gatesrof the 10 deeades =nd the FM unit,

In S or o8 transnission, mcre.ver, gote MA2 or M4l is opened to puss the 1'P,
The 1'P passing through deck 3 of the significant figures switch is routed to
the lead of the S output terminwl specified by the setting of the significent
figur-s switeh, The menner in which the 4 and S gates are controlled so that
the corrcet number of digit pulses (or 9P) arc cmitted over each decade pl=zce
leed 1s d¢scribed in Sec, 4.3.1.

4.2,3., The Clear Circuits

The ﬁlear circuits include gste 344, decks 1, 2, 14, and 24 of the
signifieant figurcs switch and the clesr tubss in the PM unit,

If an accwwlator is stinulzted to transmit snd elear, a signzl from
buffer 62 of receivers or buffer 63 of transcoivers is spplied to
gate M4l so thet the cerry cleazr gete (CCG) is pessed to the PM-Clesr unit,
The clear signal from the Fil tubes goes directly to the upper connections of
steges 1, 2, 3, 4, 6, 7, 8 and 9 in all dec~des causing thes¢ stages to be
flipped into the normal strte, With the significant figures switch set at s,
the signal from the clear tubes is routed through deck 24 to the upper lead
of the zer» stzge in decide 10-s nd through deck 1 to the upper eonnection
to stage 5 in &1l decudes cxeept decade 10-s, Decks 1i and 2 of the signifi-
cant figures switch arc return circuits from the flip-flops, Thus, stige
zero is left in the asbnomasal staste in 211 decades except deecade 10~s in which
stage 5 is left in the sbnormesl st:te,

Notice that gate 44 con be opened to pass the CCG elther by the
initisl clear gate (sce Caapter II) or by the selective cleur gete (provided

that the acewmlstor!s sclective clcer switch is set «t SC.), as well as by



~ the flip-flop mentioned above,

4,2.4, Circuit for adnitting the 1'P to Units Decade

A signel from the normelly negative output of a tr.nsceiver's
flip-flop, through = buffer and then pessing through the clear correct switch
and one of the receive polnts on thc operction switch reaches gates E49 and E50
after pussing through the inverter G50, These gutes, when opened; zllow the
1'P to puass through to units deeade of the accumulator,

4.2,5. Repeater Ring Cormmon to Repeat Prugram Controls

The eight repeat program eontrols on #n ccecurmlator operaste the
9 stage repeater ring eircuit in cormon, 4 sighal from the normally negative
output of the flip-flop of such controls and‘then through buffer 6] opens
gate H50 so thet a2 CPP can rzach the ropeeter ring to eycle it one stage per
addition time, When the ring reaches stage »#, the output signsl from this
stage, passing through point r on the repeat switch, causes gate 62 in the
transceiver to emit a signal., The signal from 62 opens gate 68 which pusses
a CPP, The resulting pulse resets the trensceiver's flip-flop and passcs
through the transmitter as a prOgrrﬁ output pulse, The signal from gate 62
also opens gate K50 so thut a CPP passing through it clears the repeater ring
back to stoge 1 at the same time as the transceiver is emitting a progrinm
sutput pulse,
4.3. NUMERICAL CIRCUITS

L;3.1. Operation of the nunerical eircuits in transmitting » number and/ot

its Complenent ,

When an accunulator is stimulated to transuit its contents and/or
the complement of its contents, the 10P are routed simultzneously to each of
the 10 decade ring counters of thc accumulator, Each of the 10P cycles the
counter one stage, Thus, if the stage correSpondingtg is in the abnormal

state before any of the 10P is received, zfter receiving one pulse, the stage



TABLE 4-1

A and S TRANSMISSION

Accumulator stores P O 000 000 007 - Significant figures switch is set at 10

se Time
e

9P emitted over » leads
Pl 10 987 654 321

9P emitted over S leads
Pu 10 987 654 321

. a8 result of receiving

i

10P acc. registers

Comment

Program input pulse is

transceiver (of non-repeat control) is reset,

0-17 received,
18
19 _
1-0 _P1111 111 118
1 1l 1111 111 111 2 222 222 229
*Indicates that decade
flip flop is in abnormal !
2 1 1111 111 111 _P 3 333 333 330 state,
3 0_0 000 000 001 1 1111 111 11C P 4 Li4 LAY L4)
L 0 0 000 000 001 1 1111 111 11C P 5 555 555 552%
5 00 000_000_00L 1 1 111 111 11C __P b 6bb 666 _663%
6 Q0 0 000 000 001 1 1111 111 110 P 7 777 717 _Ti*
7 Q O 000 QCC 001 1 1111 111 110 P 8 888 888 885k
8 0 0 0CO 000 001 1 111t 111 110 P 9 999 999 996%
) 3% HAHE R SHCH
9 0 0 000 000 001 1 1111 111 110 P 0 000 000 Q07 _
. 1'P is amitted over the
lead for units decade
10 0 0 CCO 000 COL because s = 10,
11 _
A2
Reset pulse resets all
13 decade flip-flops.
i
15
16
17 Program output pulse is transmitted if repeat control is used. Receiver (of non-repeat control) or

L‘ﬁt“n‘.‘r
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corresponding to 8 is in the abnormal stitu, and stage 7 not, after receiving
10 pulsea, the stage correspondiing to 7 is in the cbnorm:l stege zgaln (See
Table 4-1),

Meanwhile the sccumulztor changes the 9P into digit pulses in
the following.way: Let d be the digit stored in a given decade counter
before the reception of any of the 10P, Thcen aa the 10P are received, 9-d of
the 9P pass through gate 22 to be emittad over a lead of the subtract output
terminal, That one ~f the 10P which cycles the decade counter from stzge 9
to zero,i%i%ses through gate 14 and sets the decade flip-flop, With the
decade flip-flop in the abnormal state gate 22 is clcsed and 21 open so that
the subsequent d pulses of the 9P group are passed over the corresponding decade
plaece lead of the add output terminzl. The first of the RP resets the decade
flip-flop,

So far in this discussion mention has beon mzde of transmitting
through the subtract output terminal the eomplement of a number stored in an
accumulator with respect to 9 999 999 999. Conplements with respect to 1010
are provided by the accumulator's transmitting over the subtrect output lead
corresponding to decade s from the left (where s is the number >f significant
figures stored in the accumulator), the 1'P,

The transmission of sign indication is accomplished 1ln & somewhat
different manner. The S and i gates, 16 and 15 respectively, of the PM unit
are controlled by stzges P and M respectively of the PM counter, When a
positive number is stored in an accumulztcr which is trinsmitting, a positive
voltage from stage ¥ holds gate 16 open so th:t the 9P are emitted wver the
Pd lead of the subtract ocutput terminal; no pulses are transmitted over the
FM lead of the add output terminsl since gate 1% is closed, If the sign of
the stored number is M, gzte 16 remains closed and 13 is opened so that no

P pulses are trensmitted through the subtract output terminal, while § pulses
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are transnitted through the 2dd output terminal.

4L.3.2. Operation of the Humerieal Circuits in Receiving a Number

The digit pulsus reecived through the 11 input gates (see Sec,
4.2.,1.) are routed simultanecusly to the PM countur and the ten decade
counters, Eech pulse a deeade: counter receives cycles it one stage. The
PM eounter reccives Zerqﬁﬁalsus for z positive number and 9 for z neg:=tivs :
number, Each pulse recsived by the PM counter cycles it one stage so that
the reccption of an even number of pulscs leaves the PM counter unchanged
while the reception of an »dd number of pulses has the effect of cyeling
the PM counter to the opposite stagu,

If a2 given counter stores the digit d before reception and p
(9-d {p<10) digit pulses zre rcceived, carry over takes place from that
counter to the next une st the left (whether the PM ur a docade eounter),

Sa called delayed carry over tzkes care of such carry-overs which result

from incoming digit pulses. If a given counter,c, is in st:ige 9 and there
is a carry over from the counter c-l, then, it is also necessary for carry
over to take plosece from counter ¢ to counter c+l, Carry uvers which result

from carry overs in this way are effected by n direct carry over process,

When a given counter is cycled to st.ge 9, i signal from this
stage opens gute 1 so that the next pulse reccived by the deesde (whether
digit or carrv pulse) not only cycles the counter bzck to stage zerou but
also passes through gate 14 and sets the decade flip-flop (16, 17), In
delayed cﬁrry over, the decade flip-flop continues to remwmbor thet a carry
over must take place but no further action is tiken whilec the digit pulscs
(the 9P and the 1'P) are being received. The signal from the normally negative
output of the deczde flip-flop opens gate 18 so thet the reset pulse is padsed

(in pulse time 13 of thu addition time cycle). This pulse rescts the decade
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flip-flop and also goes to gate 20, Now, in rec¢eive programs, the receive
programning circuits allow the carry clear gate to reach and open gate 20, so
that the pulse from gate 18 pusses through to the next decade at the left,

The need for direct carry over arises after the first reset pulse
is emitted by the cycling unit (since it is this reset pulse which gives rise
to the need for direcet carry over) so that carry over resulting from carry over
must be treated differently., The carry pulse which pasges through gate 1li goes
to gate 19, Since the carry clear gate remains on for 7 pulse times, gate 19
1s held open to pass this pulse to the next decade_at the left, The carry
clear gate, as a matter of fact remains en long enough for a carry pulse to
proceed from units decade to the FM counter of 2 interconnécted accmamulators
(with a safety factor), Notice, that even in direct carry over, the decade
flip-flep is flipped into the abnormal state, The 2nd reset pulse, which is
emitted after the carry clear gate goes off, resets the flip-flep in this case
(see PX-$-306)

A number may be received in an accumulator so that a digit appearing
in the i decade of the transmitting unit is received in the i decade of the
receiving unit by connecting the digit output terminal of the transmitting unit
to some digit trunk by the standard cable for that purpcse, and then connecting
the same digit trunk to one of the 5 digit input terminals of the receiving
accumulator by a standard cable, Hewever, if it is desired to receive a number
transmitted from - decade i of the trensmitting unit in decade i + k of the
receiving accumulator (where k may be either positive or negative), the number
must be passed through a shifter enroute from the trensmitting to the receiving
unit, It is usually most convenient to plug ordinary shifters into a digit

input terminal of the receiving unit, A number mey be shifted to the left



TABLE 4-2

RECEPTION INVOLVING DELAYED CARRY QVER

v - 17

hAecumplator Stores M 9 832 104 707 ond Receives P O 000 000 004

Accumulator Receives i

Aceumulator Stores

|

Pulse Time f Comment
P . aAfter Heceiving ;
PM 10 987 654 321 PM 10 987 654 321 |
| 0-17 | RooEYomjinput pulse
18
-19
! 1-0 0 0 000 000 00l M 9 832 104 708
| 3 0 0000 000 001 M9 832 104 709
| w | *Decade flip-flop in
2 00 000 000 001 M9 832 104 700 abnormal state,
3 0 0 000 000 001 M_9 832 104 701¥
|
: A
s |
.' M
6 -
!
| 7 {
| 1
8 1
9
10
11
12
Reset pulse resets
decade flip-flop anq
13 Q 0000000 010 | M ©832 104 711 causes carry pulse,
14
15
16

17

l
|
Program output pulsel
emitted if repeat
control is used, and
program control is '
reset.
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either by an ordinary shifter plugged into a digit input terminal or by a
special shifter plugged into a digit output terminal. A number may be shifted
to the right only through an ordinary shifter plugged into a digit input term~
inal (see Sec. 11.2).

Table h—z.illustrates the way in which an accumulator receives a

number and also the delayed carry over process.

4.3.3. Static Comnunication Between an Accumulztor and another ENIAC Unit

The high-speed mﬁltiplier receives ite arguments and the printer
data to be printed in static form from accumuletors, The divider znd square
rooter also reccives information about the signsAof the arguments statically,
The term static is used to distinguish this kind of communication between an
accumulator and another unit from the ususl dynemic transmission in which an
accumulator transmits d pulses for the digit d and O or 9 pulses for sign P
or M respectively. |

A unit which receives the statie outputs of an accumulator has an
array of vacuum tubes* corresponding to the flip-flops of the counters in an
accumulator, For example, the ier selectors in the high-speed multiplier
(see Sec. 5.3) which rcceive the multiplier from the multiplier accumulator
statically consisf, of a 10 by 10 array of vacuum tubes, Each'of the tubes
in a column of the array corresponds to one of the flip-flops in a decade
counter of an accumulator; each column in the array, to 2 decade counter in
an accumulator, Two standerd 55 conductor cables (carried in the statie
cable trough which runs along the tops of the ENIAC units) sre used to deliver
the static outputs of the accumulator which stores the multiplier to the ier

selectors, The normally negative output of the flip-flep representing digit d

#Two double triodes in one envclope are referred to here as 2 tubcs,
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in decade counter ¢ is econnected by one of the.leads in these cables to the
corresponding tube in the ier selectors, Thus, 100 of the 110 leads are used,
An additional lead in one of the cables goes from the flip-flop for stage M
in the accumulator's PM counter to a tube in the high-speed multiplier which
represents sign M of the multiplier, In this way, when flip~flop d of counter
¢ is in the abnormal state (because that counter stores the number d) the tube
in row d and column ¢ of the ier selectors is turned on. The other tubes in
column ¢ of the ier selectors do not go on,

Similar connections are made to tubes in the printer from the counters
of accumulators which store data for printing (see Sec. 9.4). In some cases data
is printed from only 5'aecades and the PM of an accumulator so that only 1 cable
connects such an accumulator to corresponding tubes in the printer, The master
programmer also has decade counters which are similar in some respects to the
decade counters of an accumulator (see Sec. 10,2,). These, too, can be connected .
statically to the printer,

In the case of the divider and square rooter only sign indication
is communicated statically from the accumulztors which store the numerator (or
radicand) and denominator.

The length of time required for the informstion stored in an accumu-
lator to be communicatedAin statiec form to another unit depends on the length
of the leads from the accumulator to the unit. Approximately an addition time
is required to turn on the tubes in the high-speed multiplier and in the.
divider and square rooter because the accumulators statically connected to
these units are near them, A somewhat longer time is required in the case of

the printer,
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L.,4, USE OF ACCUMULATORS FOR FEWER THAN OR MORE THAN TEN DIGITS

L.4L.1. Use of an sccumilator to Store Two Numbers

In some problems it may be desirable to put emphasis 0n the number
of different numbers which can be stored in accumulators so that they will he
readily available for computations rather than on the number of significant
figures carried in the computation, While the accumulator has been designed
to handle 10 digit numbers, it is possible to store in an accumulator two
numbers with the same sign if their combined number of digits is 10 or fewer
or with different signs if their combinezd number of digits is fewer than 10,

In the first case the PM counter is used for the common sign. In the second
case, one of the decade counters is used as a PM counter for the purpose of
registering sign indication for one of the numbers with stage O representing
sign P and stage’9, sign M.

When the numbers are transmitted to other units for computational
purposes, they can be isolated from one znother by the_use of speciual deleters,
adaptors, and/or shifters, It is to be noted, however, that if subtractive
transmission takes place from an accumulator storing two numbers, only one of
the numbérs will be 2 correct tens complement since the other will leck the 1'P
needed to make such a complement.

An example involving the use of an accumulztor to store two differont
numbers simultaneously is given in the illustrative problem of Sec, 8.7.

Lhoh .2, Intercomnection of Two iccumulotors to Form a Twenty Decade .iccumulator

another option available to the operator is whether an accumulator
is to be used alonz as a 10 decade accumulator with 12 program controls or as
20
apdecade accumulator with controls for 24 programs, This option results from

the fact that certain of the accumulator's circuits have been left open at the




accumilator's interconnector terminals (indicated on PX-5-=30/ by the
symbol—_) (C—3). The circuits so treazted include the receive, transmit,
clear, and pick up the 1'P circuits,and the input to units decade and the
carry over input to the FM counter from decade 10, By special connections
of the accumulator's interconnector terminals (I, I I and I  on
Ly Loy R R
. 1 2 1» 2
PX-5~301), these circuits are closed in one way to make the accumulator
function as a 10 decade zccumulator and ih a different way to interconnect
two accumulators so that they form a 20 decade accumulator.
If a single accumulztor is used as a 10 decade¢ accumulator, the
following interconnections nust be made:

(a) wverticel interconnector ceble must be plugged from

interconnector terminel I to I
Ly L2

(b) .load box rust be placed at interconnector terminal IRl.
If two accumul:ztors U and U' (where U is assumed to be the left
hand accumulator) are to be used as a 20 decade¢ accunwulator, the required
interconnections are:
(a) wvertical interconnecctor czble from ILl to IL2

(b) horizontal intcrconnector cables from I, to I! and
Ry L

\
from IR2 to I L2

(c) load box at I'R P4
1

The significant figures switch of the left hand accumulator should
be set to 10 and in the right hand aceumulztor to s' where O & s! €10 if
10 + 8! significant figures =re desired, If fewer than 10 significant figures

are desired, the left hand switch is set to this number znd the right hand .
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switch to 10,

For a given program only 1 program control is used, In reception,
each aCcuﬁnlator receives its ten digits over one of its 5§ digit input terminals,
If the standard jumper cable for interconnecting accumulators is used, each
accumulator receives its 10 digits through the digit input terminal on its
front panel bearing the same designation (a-e) as the setting of the operation
switch used to program the reception., Each accumulator transmits its digit
output through its own digit output terminals, In the transmission of
complements the 1' pulse is cmitted over the deeade plaice lezd of the last
significant figure being retained, The 20 decade accurulator clears to zero
in all deccdes except possibly one where clearing is to 5, Clearing is to
zero in 211 decades if both 5 and s' are 10, In'receive ~C'programs, the 1!
pulse is put into the 20th deecade from the left,

More thzn 2 accumulztors should not be interconnected with one
another as described zbov:s since the carry clesr gate does not last long
enough to provide safely for direct carry over across more than 20 decadesy
nor are¢ the prograﬁﬁpﬁggérs designed to operzte more than 2 accunulztors,
4.5, ILLUSTR.TIVE PROBLEMS

Matters relevant to setting up sccumulators for certuin specific
purposes will be discussed in the following pages, Seec. 4.5.1. illustrates
the set-up for a very simple cornput&tion involving only accuwaulators,

See, 4.5.2. treats of the use of dummy programs, and Sec, 4.5.3. deals with
the use of accumulators for magnitude discrimination programs, Examples of
the use of accumulators in conjunction with other ENIAC units are found at
the end of Chapters VI - IX.

The examples will be described with the aid of sct-up tables and
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set-up diagrams. The set-up table is designed to give a comprehensive plan

of the computation showing the programs the units will perform and thelr

numerical contents at various addition times in the computation., The set-

up dizgrams show the cable connections which must be made between the units

and progran or digit treys to carry out the computations and also indicate

the settings of switches which are parts of the common progremming circuits,
The ect-up tables are given with addition times as the independent

variable, & double column is devoted to each unit., In the left hand half the

program is describer; in the right hand half, the contents of the unit as a

result of thz program are shown, For accumulator programs, symbols appoar on

three levels, e.g.
-8 (3 ®
a1 o¥. 001
1-9 1-10 1-11
The symbols have the following interpretations:
(1) (E) at ths upper right of the first level indicates thet the
progrem is set-up on program control i |
(2) 3k designetes a prograa pulse with j representing the tray and
k the line 1n the tray on which the progrzm pulse‘is carried,
+ program input pulse which occurs, say, at pulse time 17 (CPP
time) of addition time O, is written at the left on the first
level of the addition time I 1lime. .A program input pulse which
is derived from a digit pulse so that it occurs, not at CPP time,
but at some other tine in the addition time cycle, let us say
pulse time 5 of addition timo l; is written at the left of the

third level on the line corresponding to addition time 1. 4

program output pulse is always written at the right of level
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program control |
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——— Program output pulse terminal
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¥ 4 shifter, delster, or adaptor plugged inte a digit terminal is desoribed in
the 4igit terminal boax as followss

A ghifier whioch shifts numerical ‘deta k places to the left or right
rupaotiwly by the symbol +k or =k,

1es

leads deleted,

An glaptor by the letter a. A deaeription of the adaptor mppears in a
oconveniont place on the diagram,

Flg, 4.1
SET.UP DIAGRAN SYMBOLS FOR ACCUMULATOR

which eliminates the digits carried on certain decade places
the letter d followed by the numbers of the deseds. phoo

e e et
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three, An arrow ending on the addition time line in which
the program is completed znd program output pulse is trans-
mitted intervenes boetween level 2 nnd level 3 for programns
lasting more thzn one addition time, In such cases, the
program output pulsc is written at the right of the arrow
tip on the line for the addition time at the end of which
the program 1s completad and the program output pulse is
transmitted.
(3) The symbols in the second level represent the settings of
the operrtion, cleir-correct, and repest switches reading
from left to right.
Thus, the illustrative group of symbols above at the left, has
the following meaning: 4 program pulse (derived from a CPP) which is pjicked
up from line 8 in program tray 1 stimulates program control 5 to cause the
accurmletor to transmit additively one time and then to clear, Upon completion
of the program, a program output pulse is emitted to line 9 in program tray 1.
On some occasions, as noted above, digit pulses will be used in lieu
of program pulses. . program in which such » digit pulse is generated might

be written as in the szample below,

223 @®
AOL
a(3) tOI
|15 |

22

This group of symbols describes the following program: The program pulse
delivered to the program input terminal of control 8 czuses the accumulator
to transmit additively once without clesring, The digit pulses carried on

the add output lead for decade pluce 3 are delivered to line 5 of program trey 1,
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The program output pulse from control 8 is carried on line 4 of program tray 2,
The Symbol .~ in the contents column is used to indicate that
an accumulttor is cleared. It is always written on the line corresponding to
the addition time 2t the end of which cleocring takes place,
‘The conventions on the set-up figures for aceumulators are described
in Figure 4-1,

4,5.1. Computation in accumulators

The eomputation described here consists of generatinog n, n2, tnd n3
respectively in accumulators 6, 7, and 8, It is desiréd to terminzte the
computation when n 2 9 000 000 000,

The basie computztion which is repeated until the limit specified on
n3 is reached is arrived at inductively, Assuming that n, n?, and n3 are stored
in accumulators 6, 7, and 8 respectively we can proceed to (n+l)3 and (n+l)2
by adding 3n<, 3n, and then 1 to n3 and by adding 2n and then 1 to n? (see
Table 4-3),

To terminate the computstion at the desired point we make use of the
fact that the complement of 9 in a decade place other than that of the extreme
right hand significant figure is zero, Now, we stimulate repetition of the
computing cycle cach time by the program output pulse of a dummy program con-
trol whose program input pulse is d:rived from the digit puise or pulses on
the subtract output lezd for decade 10_of accumulator 8. Ais long as the digit
in the 10th decade is different from 9, this control receives and thefefore,
transmits a2 program output pulse which stimulates the iteration., When 9 appears
in the 10th decade, this durmy program control receives =nd, therefore, emits
no program output pulse so thit the computation is terminated,

The question zs to why the S digit output of the 10th decade is
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SET-UP TABLE FOR GiNERATING n, n?, n’
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delivered to a program control which docs nothing but trunsmit a progrem

output pulse instead of being delivered to one of the controls used for com-
puting may be reised =t this point. The answer liecs in the fact that the

digit pulses do not begin to poui” out of the S output terminal until pulse

tine 1 in the addition time crele. This would mean that a computing program
initisted by a cigit pulse would stert after ot lezst ons of the 10P and one

of the 9P had been emitted by the cyrling unit, "Since these pulses play a
vital role in computing programs, such programs must bs initizted before the
digit pulses arc cmitted, For this reason digit pulses may be used to initiate
conputing programs only under certoin restricted conditions. Instead digit
pulses should be converted into a truc program pulse through the use of a
dumy program (see See, 4.5.2.) und the computing program can then be initiated
by tho program pulse which results from the dummy progranm,

4.5.2. Durmy Prograas

i durmy program is defined as one in which the operation und clear-
correct switches are set st O and the repeat switch a4 r where 14r49. Dummy
progrims sre slways set-up on repeat progrem controls, The dummy program hes
at least 3 important functions: 1) conversion of digit pulses into program
pulses, 2) delay of u progrzr pulse, and 3) isolation of programs from one
anuvther, |

The discussion in See. 4.5.l. regarding use 1) may be summarized as
follows: To ensure that units receive all of the pulses necded for arithmetic
operstions, computational programs must usually be initiated by program pulses
occuring at the time of the CPP, Where the stimulztion of subsequent programs
depends on digit pulses, the digit pulses should be converted into a progf&m

pulse by being brought to a dumy program control, The program cutput pulse
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from the dummy program control can then be used to stimulate computing programs,

The need for the second contribution (delay) of dummy programs becomes
apparent. in setting up a fairly complicated problem in which a number of programs
are carried out in parallel, As an example of this need, the rcader is referred
to the illustrative problem of Sec. 8,7.

Suppose that at some point in & computation one program pulse is
availeble to stimulate a multiplier program control and also to stimulate the
transmission of the arguments for the multiplication program. Let us suppose
further that the same multiplier program control is to be stimulated at some
later time but that the arguments for the multiplication program, this time,
are to be obtained in a different way, Obviously, the program pylse that stimu-
lates transmission of the arguments must be isolated from the pulse that stimulates
the multiplier program control for, otherwise, the units which transmit the
arguments for the first multiplication cannot be suppressed from transmitting
when the second multiplication program takes place,

The desired isolation can be provided for through the use of dummy
prograns in the manner suggested in Figure 4=3., The lines which carry program
pulses have been labelled with program tray and line numbers for illustrative

purposes,

4.5.3, Magnitude Discrimination Programs

As mentioned in the opening paragraphs of this chapter, the ENIAC
is capable of discriminating between program sequences by examining the
magnitude of some numerical result. In this section one possible method of
carrying out such a magnitude diserimination program in an accumulator is
discussed,

Let us assume that the eritical quantity upon whose magnitude the

choice of subsequent programs depends is 4L.so that when x < b, program Py is
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to be etimulated and that when x 2 b, program P, is to be stimulated., The
magnitude diserimination program is possible because 9 digit pulses are trans-
mitted for sign indication M and none for sign indication P.

Let us form the quantity x-b in some accumulator, Then, using a
special adapter, connect the PM lead of the i output terminal of this accumu-~
lator to the program pulse input terminal of one dunmy program control and the
P lead of the S cutput terminal to the program pulse input terminal of a second
dummy program controcl as indicated on the schematic diagram of Figure 4-4,

Obviously when x<b, a positive number is emitted over the § terminal
and a negative over the i terminal so thet only dummy program control 1 is
stimulated to emit a program pulese, Similarly, when x > b, the number emitted
over the A terminal is positive and that over the S terminal, negative so that
only durmy program cont;ol 2 is stimulated to emit & program pulse,

Even though both the number zero and its complement are represented
in the ENIAC by P 0 000 000 000, the cazse x = b (or x ~ B = 0) can still be
treated in the same way as x > b (or x - b » 0). For recall, when a positive
number is transmitted from an sccumulator, the n output gate of the FM counter
renains closed and the S gate opens to allow the 9P to pzss to the PM lead of
the S output terminal.* Thesc 9P receivéd at the program pulse input terminal
- of durmy program control 2 cause the emission of a program output pulse to

stimulate P2.

#Notice that when an accumulator which stores zero transmits subtractively to a
second accumulsator, this second accumulator receives, at first, M 9 999 999 999,
. Later, in the pulse time of the 1'P, the transmitting accumulator emits this
pulse so that the receiving accumulator then stores P O 000 000 000 after
direct carry over proceeding from units decade to the PM counter has taken
place.
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In a problem in which accurmlators are not urgently needed for

storage or computational purposes, this set-up of a2 magnitude discrimination
program is satisfacpory. However, in general, this method has the disadvantage
that no numerical programs other than one magnitude diserimination program can
be carried sut in an accumulator so set up, since both digit ocutput terminals

of the accumulztor are completely assoclated with the magnitude discrimination
program, The same magnitude discrimination ¢an be effected without completely
tying up either digit output terminal of an accumulator if the master programmer
is used., A magnitude discrimination program involving the master program is

described in Sec, 10.6.2, of the naster programmer chapter.
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V HIGH-SPEED MULTIPLIER

The high-speed multiplier finds the product of a vigned multiplicenl
with as nany as 10 digits by a signed multiplier of p digits (p 410) in p+4
addition times. This high-speed is possible because produrts are obtained
through the use of a multiplication table rather than hy repecated addition,

Not only does the high-speed multiplier find products, but it also
has faeilities for controlling cértain prograrming features in éccwmulators
associated with it: 1) It can instruct the argument accumulators to receive
and clear or not clear at the end of the multiplication;‘ 2) It can signal
the final product accumulator to dispose of the product; 3) It delivers to
associated accumulators progranming signsls used in the multiplication process,

The following topics will be discussed in this chapter; See, 5.1,
program controls; Sec., 5.2, common programming circuits; See. 5.3, numerical
ceircuits; Sec, 5.4, Interrelation of high-speed multiplier and associated
nceumulators; Sec, 5.5, illustrztive problem set-ups. Reference will be made

to the following diagrams:

Front View PX-6-309
Front Panels PX-6-302, 303, and 304
Block Diagram PX-6-308

Interconnection of
High-Speed iulti-
plier with associ-
ated accumulators PX-6-311

5.0. GENERAL SUMMaRY

The high-speed multiplier operztes in conjunction with 4 or,

possibly, 6 accumulators, Two accumylators, the ier (multiplier) and icand
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(multiplicand) accumulztors, stors the =rguments, The accumulators used for
this purpose have the static outputs of their counters connected to the
multiplier, Also, the Pll-clear unit is statically connected to the multiplier
50 that these accusmulators can be cleared by a signal from the multiplier at
the end of a multipliecation program and so that the high-spced multiplier may
tzke proper cognizance of the signs. If products having 8 or fewer significant
figures are required, two accumulators are used for storing the products which
the pultiplier emits in pulse form through the digit output terminals on

panel 3, These accumulators are referred to as the LHPP (left hund partial
products) and RHPP (right h=nd pertial productg) accumulators, Vhere products
of more than 8 significant fipgures zre desired, a prir of interconnected accumu-
lators may be used as the LHPP accumulator and another pair as the RHPP accumu-
lator, The role of the LHPP and RHPP accumulators will be discussed in greater
detail beclow, Either the LHPP or RHPP accunulator may be used as the final
product (FP) accumulator, )

The high-speed rultiplier has 24 program controls (8 on each of its
3 panels) on which can be set up 24 essentizlly different multiplication pro-
grams, In a problem in which there are more than 24 basic multiplications,
each multiplier control can be used on a number of different occasions with
the aid of the master programmer or sequences of dummy programs,

Each program control consists of a transceiver with program pulse
input and output terminals, multiplier and multiplicand accurulator receive
switches, multiplier 2nd multiplicand accumulator clear switches, a significant
figures switch, a multiplier places switch, and a product disposal switch, The
argument accumulator receive switches enable the operator to specify the digit

input terminals through which the ier and icand accumulators shall receive their



argunents for a given proeran, The si-nificsnt figurcs switch sctting
determines into which deesde place of the LHPP five round off pulses «re trans-
mitted for o given progrem, The setting of the plrees switch determines how
many of the rultiplier!s dijjits arc used for the progrem snd, therefore, how
long the multiplicatioﬁ takes (sce below and Sec. 5.2.). Instructions for the
trahsmissian of the product from the finsl product :ccunml:itor czn be sct up

on the unswer disposzl switch,

* The 24 progran controls operste the common prograwing cireuits
which include a 14 stcsze progran ring with associsted gites, inverters and
buffers, the ier accumulztor :nd ic.nd accumul-tor receive circuits with
progron pulse output terminrls Ro-Re 2nd Du-De on front ninul 1, argunont
accuriulator clear eircuits, th. nroduet disposal circuit with program pulse
output termin:ls ., S8, ..., ASC on front prncl 3, end the arpuwnient acewml:tor
clear circuits,

The progrsm ring with its .ssoeisted tubes clocks the progress of
nultiplication progrias., Gates A'47 nnd ..'46 which rdmit the 1'P and 4P arc
the round off g:tes, Gates B'=K146 oper-te in conjunction with the places
switch to terminate the prosren when the speeificd number of plaecs of the
ier have been used znd, in conjunction with g=tc F'4B, to eclear the ring to
stuge 13 at this tine, The progrinm ring, ultinctely, 2lso controls a eireuit
for correcting nroducts if either or both of the srpunments ore negative (sce
discussion bclow), the 1 and r recciver circuits which enit statie sijnals
to progron the nrrticl products seewulstars to receive, the circuit which
enits the F pulse to stinulate the enlleetion of the partial products in the

finnl produect accunul:tor, and the reset circuits for the progran controls,
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The outputs of stages 3 through 12, by means of the buffer tubes
Bt=L! 42, control the high-speed multiplier's numerical circuits so that
multiplication by each digit of the ier takes place successively,

The nunmericzl circuits consist of the multiplier selector gates,
the multipliecation table, the coding gates which pass the 1, 2, 2', and 4P,
the multiplicand selector gates and the shifters, The multiplication table
stores the products of numbers between 1 and 9 by numbers between O and 9
by means of a resistance matrix, The table actually consists of 2 tables,
the tens and units tables, used for storing the tens and units digits of
these products reépectively. For example, the multiplication table remembers
the product of 4 x 9 by storing 3 in the tens table and 6 in the units table,

The ier selector tubes arc set up by the static outputs of the
ier accurmlator counters, Each colurn in this array of tubes is dedicated
to 1 decade place of the ier; cach row, to one of the digits between O and 9,
When the program ring signzls for multiplication by the jer digit in a partic-
ular decade place, the activated ier selector gate for that decade plnce emits
a signal to the multiplicgtion tables,

Static signals for the products of 211 digits between 1 and 9 by
the particular ier digit are emitted from the multiplication table and converted
into pulse form at the coding gates, The products from the tens and units
tables respectively then go to the left and right hand sets of multiplicand
selector gates, These gates are set up by the static outputs of the icand
accumulator so that only the products appropriate to the digits of the icand
are allowed to pass,

These partizl products théh zo to the loft and right hand ehtfters,

Each set of shifters consista of 2 10 by 10 array of gates. The gates on each
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row are controlled by one stage of the program ring and the outputs of the
gates are connected diagonally so that products are shifted successively one
plazce to the right as multiplication by the ier digits progresses from left

to right, The products are enitted from the 4 digit output terminals on panel
3 of the high-speed multiplier with those from the tens table being cmitted
by the terminals IH partial products sceumulators I and II and those from the
units table, by the terminels RH product accumulators I and II. The terminals
identified by II and I respectively ta%e care of the digits for decade places
109 - 109 and 1010 - 1019,

Notice, that the high-spced multiplier trapsmits only the digits of
the product but not the sign, For positive arguments, this results immediately.
in the correct signed product, If either or both of the arguments are negative,
certain correction terms are needed to produce the correct signed products,
From T;ble 5-1 in which the correction terms for the various cases are tabulated,
it can be seen that whenever an argument is negetive, the product obtained from
the multiplication tables must be corrected by 1010 times the complement of
the other argument. In the case where both arguments are negative, moreover,
the sign of the product must be corrected, The progromming circuits (see
Sec. 5,2,) provide for the last correction by causing the 1'P to be transmitted
over the PM lead of the digit output terminal RH product accumulator I, The
prograrming circuits provide for the other eorrections by causing the emission
of program cutput pulses at the RS and/or DS output terminals, The operator
must interconnect the multiplier with its zssociated accumulators so that

these pulses stimulate the corrections to take place (ses PX-6-31l and Sec,

5.4.).




CORRECTION TERMS FOR NEGATIVE IER ~ND/OR ICiND.

TaBLE 5-1

R and D represent the absolute values of the ier and icand respectively.

Case 1
Ier positive
Icand negative

b Case 2
Ier negative
Icand positive

Cise 3
Ier &nd Icind both
negative

ier

P + (R)

i + (101° — R)

i + (1010 - R)

iecand

t + (101C - D)

P + (D)

i + (101° - D)

Product obtzined from
multiplication tebles

P + (1010 B - RD)

1 P+ (10°D-rD)

p+10%0 + (RD ~ 1010r 21010p)

=1+ (8D - 10'% -10'%p)

Coriececiviun term needed

i+ 1000 (10*° —'R)

i + 1010 (1010 « p)

i+ [P +.1010(R)] +[P+- lolo(Dﬂ

Correct signed preduet

20

H + (10°” < RD)

i i+ (1020 - RD)

P + (RD)

- A




To summarize ths discussion of the previous pages, multiplication
of a 10 or fewer digit icend by a p digit ier required p + 4 addition times,
These addition times ars usad for the following purposes:

1. reception o a-punents

2. settineg ur of tclecter tubers and rourd off in LHPP accumulatoer
g upr

3.
. | obtaining the rnrtial products (icand)x (1 digit of the ier)
. (successivel:r for ths o digits of tha ier
a9 pt2.

p+3. correcting rraducts in case either one or both of the arguments
are negative

p+h. collecting the partial products so as to form the final product
and elearing of the argument accumulsators,

Tables 5-2 and 5-3 offer examples illustrating the operation of the high-speed
multiplier, Although either the LHPP or RHPP accwmlztor can be used for form-
ing the final product, we assure here; as in PX-6-311, that the RHPP accumulator

1s used for this purpose.
5.1, PROGRAM CONTROLS

Each of the high-speed multiplier's 24 program controls consists
of a transceiver with program pulse input and output terminals, argument
accunulator receive switches and cleer switches, a significant figures switch,
a places switch, and a product disposal switch, Neons correlated with the
transceivers are shown on PX-6-309,

5.1.1, The bMultiplier and Multiplicand accumulator Receive Switehes

Ezch of the argument accumulator receive switches has the positions
a, By ¥» &, €, and O, hisscciated with the points c-e on the switch for the ier

accumulators are thu program pulsc output terminals Ra~Re and, for the icand



Description of Program:

T4BLE 5-2
MULTIPLIC-TION OF i & 198 630 400 by P 2 80C 000 Q00

Huitinly leand By 2 places of the ier

Boung answer off te 8 plaeas }

Clear iz~ ard jecond aceumulators after multipiication
Transmit product from final product accumulator

add, |

Ier accumiiator

2anelator

Icund oo LKPP adzhmulﬂtcr (I) REV? znd FE ~ccurnulztor (I)
Time stores stores Receives i Stores after Receives Stores after
L . ; rezeiving receiving
PH 10 S87 654 321 | Pid 10 987 554 327 Pii 10 987 654 321| Bl 10 987 €54 321 | Bl 1C 987 654 321} P 10 987 654 321
!
1 P 2 800 CCO OOOf M 8 198 630 LOO i 8 198 630 400
2 0 0000 0CCOCS0! P O 000 00O 050
3 1 011 100 000! P 110011 130 050 ¢ 0O 623 626 CRO, P O 628 626 080
i 18 S
L { C 607 642 030 | P 1 618 742 A0 D048 245 102 PO 676 874 482
5 g M 7 200 000 000 | K 8 818 742 GO !
— "
N P e .
6 e I i 8 818 74,2 080{ M 9 495 616 562
Program output pulse and product disposal signal are emitted.
7 Product is transmitted from product accunulator, rq
N i
—in




TuBLE 5-3

Hultiplication of M 8 198 630 400 by K 2 800 000 000
Description of Program: Multiply icand by 3 plices of ier
Do not round answer off
Clear ier and icand accumul:tors

Retain product in final product accumulator

LHPP accumulstor (I)

RHPP =nd FP .ccumulator (1)

Program output pulse is transmitted

add, | Ier accumulator i Icand accumulator
Time stores [ stores Keceives : Stores after Recuives t Stores after
_ i receiving | recciving
i 10 Y87 654 321 [P 10 987 654 321 | - 4 1
L |10 987 654 321 'mi 10 987 654 321 10 987 654 321 | B 10 987 654 321
1 |¥ 280000 000 | ¥ 8 198 630 400 '
, .
3 ! 1611 100 000 P 1 011 100 000 O 628 626 080 | P O 628 626 080
L 0 607 64,2 030 ! P 1 618 742 030 O 048 248 L02 | P O 676 87, 482
5 0 000 000 GXO | P 1 618 742 030 0 GO0 000 000 | P O 676 874 482
1'¥ D 000 000 Q00 | M O 676 874 482
6 | P 7200000000 ' P88l8 742030 | P1B8OL 369600, k2478 24, 082
7 e | A A e P8818 742030 ' P 1 296 986 112
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acewmlator, Da=De, If one of these switches is set at a receive point, a

program pulse received on a program input terminzl is petransmitted thrceugh
the carresponding terminal Ra-Re or Da-~De when the program control of which
the switch is a part is stimulated, The operator sets up prograﬁ eontrols

on argument accumulators so that a pulse transmitted in this way will cause
reception to take place as specified (see PX-6-311 @nd Sec. 5.4.).

Thea argument accumulaﬁor receive switches have been provided in order
to simplify the programming of multiplieations, Once the connections between
some or all of the terminals Ra-Re, Da-De and the argument accumulators are
made and switches have been set up accordingly on the argument aecumulators,
the operatur does not need to provide the arpument a2ccumulators with e
separate program pulse to stirmlete them to reccive whenever a multiplication
is to tzke Place. The one program pulse which stimulates the performance of
the multiplication also stimulates the reception of the arguments provided that
they can both be received during the first addition time of the multiplieation.*

If an argument acgumulator receive switch is set at 0, no pulse
to stimulate reception of the corresponding argument is transmitted, The
setting O is used for multiplication programs in which the argument is held
over from the previous program (see Sec, 5.1.2.) or in programs in which it
1s desirable to stimulate the argument accumulator independently to receive

its argument.

#If, .for example, both the ior and icand zre received directly from the constant
transmitter, the argument accumulatnrs cannot bsth receive their arguments in
the same addition time because the ennstant transmitter transnits but one
nurber in an addition time, ‘
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5.1.2, Multiplier and Multiplieaznd asccumulztor Clear Switches

Clear c¢ircuits in the high-speed multiplier are connected to the
PM-clear units of the ier and icand sccumulators, If an argument aceumulator
¢lear switch is set at C, the high-speed multiplier's clear circuits emit a
clear signal towards the end »f addition time p+4 which causes the correspond-
ing argument accumulztor to clear., In programs for which a clear switch is
set at 0, no clear signal is transmitted to the corresponding zceumulator,

5.1.3. The Significant Figures Switch

The setting of the significant figures switch determines to which
decade place of the LHPP accumulator 5 pulses for round off arce transmitted,
If this switch is set at 2¢849, the five round off pulses are sent to decade
10-8 of LHPP accumulator I, For s=10, the round cff pulses are sent to decade
10 of LHPP accurmulator II;* No round off pulses are emitted in 2 program for
which the significant figures switch is set at "off",

The significant fisures switch nrovides greater flexibility in the
round off 0ptions.for the 24 programs than would be possible if the only round
off control available were the significant figures switch on the final product
accumulztor, If, however, the round off requirements on all multiplication
programs are the same, the significent figures switches of the multiplier
program controls can be set at off and the significant figures switch on the
final product accumulator can be set approprictely,

Notice that the setting of tha significant figures switch of a
multiplier program control does not cause the final product accumulator to
emit the 1'P (neceded for a complement with respect tn 1010) when the product

is disposed of subtractively, Whether or not this pulse is put in, and the

#Unless 2 pairs of interconnected accumulators are used to receive the partial
products, the round off pulses emitted for s=10 are lost,
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decade in which it is put, depend cn the setting cof the significant figures
switch on the final product accumulator (sec Sec. 4,1.4.). If a product
is disposed of subtractively in such & way thot the 1'P is not transmitted
by the final product accumulator, the 1'P dan bs put in at the receiving
accumulator {sce Sec., 4.1.2.).

5.,1.4, Places Switches

If the places switch of a program control is set at p (where
2 £ pg 10), the high-speed multiplier miltiplies the entire icand Ey the p
left hond digits of the icr whenever this program control is used. Such a
progran lasts p+4 addition times znd a program output pulse is emitted by the
transceiver p+4 addition times after the reception of the program input pulse,

5.1.,5, Produet Disposal Switch

The points a, 48, .,., ASC on the product disposal switch together
with the program pulse ocutput terminals a, S, ..., #SC at the left of panel 3
of the high-speed multiplier mzke it possible for this unit to direct the
Qransmission of the product from the final product aceumulztor,

At the end of addition time p+4 when the high-speed multiplier
prégram-control emits 2 program output pulse, a pulse is also emitted fron
the terminal i, S, ..., or ASC corresponding to the point at which the product
disposal switch is set, The procduct disposal program pulse output terminals
which are uscd should be connzeted to program pulse input terminals on the
final product accumulatur (see PX-6-311), If a product disposal switch of
a given program control is seot at O, the high-spced multiplier does not emit
a product disprsal pulse when this program eontrol is used,

The progranm switches on the final praduct accumulater may, but

need not necessarily, be set so us to correspond tc the labelling of the
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product disposal terminal from which the stimuleting pulse comes, For example,
if in =« given program it is eonvenient to dispose of some product subtractively
twice, and then clear and, morecver, no rultiplication program requires ASC
dispossl, then the ASC output termin2l can be connected to 2 repeat program
control on the final product aecunulator set up for subtractive transmission
repeated 2 times with elearing, DNotice thit with such a set-up the point

ASC on the product disposal switch no longer has the meaning transmit .4 and

5 simultaneously and clear but, rather, the meaning esteblished by the set

up of the program control on the fincl product accumulator,

In a course like thc previously described one ecare must be exercised
to prevent conflicting programs, Since during the first two addition times of
a multiplication program, the RHPP accumulator hes 2 completely non-active role,
product disposal lasting 2 addition times is nossible {with the RHPP accumu-
lator used as the FP accumulator) even though a new multiplication program
is initiated when the product disposal signal is emitted, If the product
is disposed of repetitively r times (where r » 2), the next multiplication
program rmst be initiated no sooner than -2 addition times following the
product disposal signal. It might zlso be mentioned at this point that

repetitive reception of an argument cannot be 2cecmplished through the use

of the terminals Ra-Re or Da~-De since the arguments must be received no later
than the end of addition time 1 of a program in order to allow sufficient

time fur the selectors to sct up,

5,2, COMNON PROGRAIZIING CIRCUITS

5.2.1. Argument accumuletor Receive Circuits

a program input pulse delivered to a program control is routed
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TABLE 5-4
CHAONOLOGICAL OFERATION OF HICH SPEED MULTIFLIER'S PROGRAMIIRG CIRCUITS

Hote: It 1= sﬁ‘lmdrluro :hht tan-decads ncoumulatora ars used for the partial products,

Add. Time Stage of EXEEL
for £ aigit] Ring (
multiplier ] Counter I:’::ﬁt.w lultiplier's programming In associated scoumulutors
End of
Add, X
tims O 1 1) Program input pulse is received and re. 1) See addition time 1;
transmitted tc ier and/or icapd accumulat
1 1 1) Ring cycles to stage 2 at CFP time. *Tor and lcsnd acousulators receive
argunents.
2 2 1) 1P passed by[B'47 sets 1 and r receivers, 1) LHPP and RHPFF pocumulators® "receive
on g' clrcults are activated. R
2) 1'F gated through[A'47 and 4P through ) LEPP acoumulutor raceives five round—
are delivered to rouni off gates. off pulses,
! 3) Ring eyeles to stagn 5.
i
3 3 1) Signal from staga 3 cpens ler selector K 1 and 2) LHPP accumulator receives tens
gatea so that multiplisr tablas are sntered #igits of "icand x first ier digit® in
with first from the left iler digit. decede places 10 through 1, REPP
2) Signal from stage 3 opens A" shifter gates. ascunulator recaives units digits of
"icand x first ier digit" in decade
Places 9 through 1.
3) Ring cyoles to atage 4,
4 4 1) Signal from stage 4 cpens ier selector J 1) LEPP accumulator receives tens digits
gates and shifter B* gates, of segond P,P. in decads places 9
. through 1. RIFP acoumulator receives
units digits of second P.P, in decade
. pleces 8 through 1.
2) 5ignal frai (B°48] gates o 1'F through[L"47. | 2) PM counter of RHPP ecoumulator receives
i1'P Af both ier and icand sre negativs,
3) S5ignal from [B74E) gatea CPP through [B°48]to | 3) See addition time 5.5
initiste RS and DS corrections Af R and/or
D are negative.
4) Signal from [B74d] gates CPP through [E'48)te | 4) LHPP and REPP acoumulatord® Preceive
provide reset aignal far 1 and r receivers, on o' circuits ceas® to be actiwated,
§) Signal from allows CPF to pusa through
P48 to olear ring to mtege 13, |
5 13 11) S1gna) from stege 13 allows CPP to pase *¥RS and/er DS correctiona mre made
. i through (48] and to the reset flip. (see addition time 4),
flops for program controls 1.8 and 17-34,
2) s from stage 13 gatea a CPP through 2) Ses addition tims &,%X ¥
8o that P pulse is emitted
3) Ting sysles to stege 14,
6 1 1) Signal from stage 14 goes to reset gates’ ¥4 ¥ APP apd RHPP are combined,
i of progrun controls 5-16 to reset theae
oontrols. All other program controls are
reset by signele from reset flip.rlops,
2) lomxnd and ler acoumulator olear signals 2) Argument aceumulators clear.
ars smitted,
3) Progren output pulse and product disposal
signal are amitted,
4) Ring cycles to atage 1.
—— = o 1 b e s e ————ur]
7 1 ! Produst is trunsaitted from final
produet acoumnlator,
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immediately through buffers (61 and 62 on program control 1, for exwmple) to
the argunent receive switches for that control, Each receive point on these
switches connects to one of 5 output circuits consisting of buffer, inverter,
standard transmitter, and program pulse output terminsl (Ra-Re or Da-De on
front penel 1}, The program output pulsc transmitted in this way is taken
to o program control on the argument accumu;ator to stimulzte reception of
the argument (see Sec, 5.4.).

5.2,2, Program Ring and associated Circuits

When a high-spced multiplier program control is stimulested, the
signal derived ultimately from the normally negztive output of the flip-flop
holds gate Fl4l4 open so thet 2 CPP is admitted to cycle the progrzm ring one
stage per addition time, The effect of signals from varisus stages of the
ring on the round off, partial product receiver, domplement correction, final
product collection (F pulse), nand program control reset circuits are discussed
in this section, uiention is aiso macde of the effect of signals from the ring
on the numerical circuits which are discussed in greater detail in Sec. 5.3.
Table 5-4 sunmarizes the chronologieal operation of the programming circuits
for the case of 2 2 place multiplier,

The prograa ring is in stoge 1 when 2 program input pulse is re-
ceived by some propram control zt the end of, let us say, addition time zero,
During addition time 1, the arpgument sccumulators receive their arguments
(see Sec, 5.2.1.) and, at the cnd of addition time 1, the ring cyeles to

stage 2.
A signal fronm stagc 2 opens gate B'A7. The 1P passed through this

gate sets the 1 and r receivers esrly in addition time 2, These receivers
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are net reset until the end of addition time p+2 (see discussioen below). As
leng as these receivers are set, a static signal is delivered to the 1 and r
terminals on front panel 3, These signals, brought to interconnector terminals
on the left and right hand partial products accumulators (see Sec. 5ek.),
stimulate the reception, through the o input terminal, of the round off pulses
(see discussion immediately following), the partial oroducts emitted during

the succeeding p addition times, and the 1!'P to correct the sign of the

product when both the ier and icand are negative, Since the 1 and r signals

are brought directly into the "receive on a" programming circuits of the product
accumulators, no program cantrols need be set up to program the reception of thé
partial preducts,

The signal frem stage 2 of the ring also opens gates A'47 and AVTib
so that the 1'P and 4P are passed, These five pulses, used for round off of
the product, are delivered to the gates A"-H" and K" 45, Each of these gates
is connected to a point on the significant figures switches as indicated on
PX-6-308, The normally positive output of the activated program control's
flip-flop through inverter 65, buffer 64, and point s on the significant
figures switch, opens one .of these gates so that the round off pulses are
emitted over the iead for decade place 10-s of the left hand partial products
digit output terminal I or over the lead for decade place 10 of the left hand
partial products digit output perminal II,

In addition time 3, a signal from stage 3 through B'42 and inverter

Ll is applied to the ier selector gates for the 10th decade place, K 2-11, and

through inverter B'4l, to the ghifter gates A" 30-21 and 10-1. In this way,

multiplication by the first digit of the ier takes place with the products

being emitted on the leads for decades 10-1 of the digit output terminal LHPP
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accumulator I and on the leads for decudes 9-1 of the digit output terminal

RHPP acecurmlator I, and for deczde 10 of RHPP accumulator II, Similarly, in
addition times 6, 5, ..., P+2, the ring causes multiplication by successive

digits of the ier and the emission of the produets shifted over nne pluace to
the right each time,

The places getes numbered B'-K!46 emit a signal on the coincidence

of 2 signal from the normally negative output of the flip-flop (and buffer 61)
passing through point p on the places switch and a signal from stage p+2 of
the ring. The sipgnal emitted by one of these gates terminates the multipli-
cations by successive ier digits, causes complement correction to take place,
and resets the 1 and r receivers,

The phase of the rultiplicction program in which the tables are
used is terminated as follows: 4 CPP passed through gate Ft48 at the end
of addition time p+2 clears the ring to stage 13. at the same time, a CPP
passéd through gute E'47 resets the 1 and r receivers,

During addition time p+2, the signal from one of the places gates
allows a 1'P to pass through gate L"47 and a CPP, through gate B"46, A static
cutput signal fron sﬁage M of the ier accumulator's Fi counter holds Bate B",7
open so that gate B"47 pasases the cutput of gate B"46 to the DS output terminal
on panel 3, Similerly, if thc icand is negative, the output of gate B"46
passes through gate C"47 to the RS terminal. The gates L"47, L5, and 43 are
so arranged in series that the 1'P is allowed to reach the FM lcad of terminal
RHPP accumulator I only if both the ier and iecand are negative, This latter
pulse is received in the right hand partial product accumulator because the

r receiver is not reset until the end of addition time p+2 zfter this pulse
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has been emitted, With the ass:ciated accumulators set up as shown on PX-6-311,
the pulses transmitted from terminals RS and DS stimulate the carrying out of
the complement corrections {shown on table 5-3.) cduring addition time p+3,

At the end of addition time p+3, a CPP passes through gate AMAT
which is held open by a signal from stage 13 of the ring, This pulse,\irans—

mitted through terminal F on panel 3, is used to stimulate the collection of

the partial products into the final product (see PX-6-311 and Sec. 5.4.).

At the end »f addition time p+4, the activated prcgrem control is
reset and a program output pulse is trensmitted, This resetting is aecomplished
in one way for nrogram controls (9-16) -n panel 2 and in a slightly different
way for program controls (1-8 and }7-2&) on the first and third panels,

The signel from stage 14, early in addition time p+i, is b:oﬁght
directly to gate 62 of transceivers on the sacond panel, This gate, controlled
by the normally negative output of the flip-flop, then emits a signal which
passes through inverter 6% and opcns gate 68, The CPP passed through gate 68
at the end of addition time p+4 resets the flip-flop z2nd is transmitted as a
program output pulse,

Gate 62 of a transceiver on the first or third pancl also gets a
reset signel early in addition time p+4. This signal, however, is derived
from one of the reset flip-flops (E, F 49 on panel 1 or L", K" 49 on panel 3),
A signal from stage 13 opens gates D49 and K"50 to allow a CPP to pass and,
thus, set the reset flip-flops on panels 1 and 3 respectively, The normally
negative output of these flip-flops is then brought to gate 62 in the associ-

ated franscaivers. Neons correlated with the reset flip-flops are shown on

PX-6-309.



5.2.3. arpument Accumulator Clear Circuits

The reset sipnal, whether from stage 14 or from the reset flip-flops
(sce discussinon immediatcly above) causes gate 62 of the stimuleted transceiver
to emit 2 signal early in addition time p+4. This signal, through inverter 65
and buffer 63, passes through the ier and/or icand accumuléto? clear switches
to one or two of the argument accumulator clear gates B, D, F, and H30, The
argument accumulator clear gates are su ¢onnected to points on the clear
switches that gatec H30 is opened if only the ier accumulztor is to be cleared,
gates D30 and F30 i1f both argument accumulators are to be cleared, and gete
B30 if only the ieand accumulator is to be cleared, Towa?ds the end of addition
time p+L, the carry clear sate (CCG) passes through the opened clear gate
(or gates) to the PM-clear unit of the aceumulator (or accumulators) to
cause the clearing of the argument accumulators as speeified by the séttings

of the argument accumulator clear switches,

5.2.,4. Product Disposal Circuits

There are 6 product disposal circuits 4, S, ..., 4SC each consisting
of a program pulse sutput termin:1 on panel 3, a transmister, a gate D", E",
esey Or J'47 and, a buffer D", Ev, ,.,, or_J"hbr Each »f these circuits is
eonnected t the eorresponding point 4, 4S5, ..., 4SC on the product disposal
switch,

The signal emitted by gate 62 of the stimulated program control
when the reset signal arrives, passes through inverter 65, buffer 63 and the
product disposal switch to the buffer of the appropriate product disposal
eircuit, Thus, the gate in such a circuit is held open to pass a CPP at the
end of sdditicn time p+4. This pulse, emitted from one of terminals A, S,

vews ASC at the end of addition time p+h, is used by the operator to stimulate
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dispesal of the product (see Sees,5.1.5. &nd 5,4.) which tzkes place during

addition time p+5,
5.3. NUMERICAL CIRCUITS

The numerical circuits of the high-speed multinlier eonsist of
the ier selector gates, the tens and units multiplicztion tebles, the coding
gates, the left and right hand icand selector gates, the left and right hand
shifters, and the 4 digit output terminals, LH pertial products accumulators
I 2nd II and RH product accumulators I and II on panel 3 (see PX-6-308).

The ier selectors consist of a 10 by 10 array of pates, The ier
selector gote inrow i (4 = 0 to 9 from bottom to top) and colum j (3 = 10
to 1 from left to right) reccives, ¢s -ne input, the static output of stage 1
in decesde counter j of the icr cecunmulator and, as its second input, a signal
from stage 13-3 of the multiplier ring, The output signal from a gate in
row i setivotes row i of the multinlicention tables,

In the tens tuble there zre eight groups o»f vertical conductors
corresponding to icand dipits 2 to 9 and in the units table, 9 groups of
vertical conductors corresponding to icand digits 1 to 9. The basic products
are remembered by means of 2 pattern of connections between the horizontal
eonductora (from the ier selectors) and the vertical eonductors (to the
coding gates). Each of the vertical csnductors is labellec so as to indicate
the pulses (1, 2, 21, or 4) which zre brought to the coding pate to which it
is ccnnected, No eonductor is needed for ieand egual to one in the tens
tible since the tens dipit of any one digit ier by icand egual to one is zero,

Now, a signel from 2 gzte in row i of the selectors is delivered

through the connections between row i of the tables #nd the vertical conductors
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to the coding gates, Since the sutput of the ier seleﬁtor gote is negative
the sipnals from the multiplication tables have 2n inhibitory effect on the
coding gates to which they are delivered, Notice that for ier equel to zero,
all eoding gates are turned -ff, The 1, 2, 2', or 4P are zllowed to pass
through only the coding gates which receive no signal from the nmultiplieation
tables,

Suppose, for example, thet the digit in the tenth decade place of
the ier 1s 2. Then during addition time 3, the tube K9 emits a signal, The
digit pulses passed by the cading gates as a result are shown in Table 5-5,

The pulses passed by the coding pates associated with the tens and
units multinlication tables are brought through buffers and inverters to the
left and right hancd icand selector rpates resnectively, The left hand selectors
consist of & 10 by 8 array of gates with the tubes inrow i (i = 2 to 9 from
bottom to top) eocrresponding to digit 1 of the icand ancd the tubes in colump J
(j = 10 to 1 from left to right) to deecade place j of the icand, Similarly,
the right hand icand sclectors consist of a 10 by 9 array of gates with each
of the 9 rows corresponding to a digit of the icand between 1 and 9, The
static outnuts of the icand accumulztor's degade counters provide one input
for the ieand selector gates, The second input for tﬁe icand selector pates
on row 1 cSnsists of the pulses passed by the coding gstes associated with
icand i, Out of the colleectinn of products transmitted by the cading gates,
the icand selector rates select the products needed for the particular icand
set up in them, For example, when the icand M 8 198 630 400 is multiplied
by the first digit of the ier P 2 800 000 000 {see the illustrative problem

>f table §-2), the product pulses passed by icand selector pates are shown
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PuRTILL PRODUCTS EMITTED BY THE MULTIPLICATION TaBLES FOR IER = 2
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in Table 5-6,

Corresponding, to cach set »f icand select r gates is 2 set of shifters,
Each set of shifters consists »f e 10 by 10 array of gates, The oulses for
the partial product "ier“dipit by icand cdigit in decade plaes 3" are routed
through buffers and inverters to the shifter gates in column j (j=10 to 1
from left to rirht), The second input for the jates in row i (i= 3 to 12)
comes from stage i of the progream ring, The wutputs »f the shifters are con-
nected diagon2lly to the leads of the digit outnut termina}s, IH partial products
accumulctors I and II and RH product accumulotors I and II, in such a way that
the partial pruducts are emitted one decace place further to the righf as
multiplicztion by successive ier dipits takes glace, The partial products
for icand by first ier digzit are emitted over the leads for decade places
10-1 of the left hand partial praducts accunulator I, decacde places 9-1 of
rizht hand partial products accumulstor I, and decade pl:zce 10 of right hand
partial praducts zccumulator II,

Notice that the nulses for the partial products are emitted from in-
verter tubce instead »f standard traznsmitters, For this reason, the digit
output terminals on panel 3 must be connected to input terminals on the partial
products accurulators by means of digit trays or cables to which no other units

are connected in parallel, No loe=d buxes are used on these dijit trays (see

Sec. 5-ho)t
5.4, INTERRELATION OF THE HIGH-SPEED LIULTIPLIER .4ND ITS ASSOCIATED ACCUMULATORS

5.4.1, Interconnections for Numerical and Pro,ramaing Data
The 10 decade counters of the ier accumulator (9) are connected statical-

ly to the ier selector gates, Similarly, the decade counters of the icand




SELECTION OF PRODUCTS BY ICAND SELECTORS WHEN IC.ND ki 8 198 630 400

&b

TABLE 5-6

IS MULTIPLIED BY FIRST DIGIT QF IER P 2 800 COO 000
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Decade | Left Hand Icand Pulscs Right Hand Icand Pulses
Flace Selector Gate Passed Selector Gate Passcd
10 L122 1 Lt2 )

9 . 0 K'9 2
8 Jr21 1 Jil 8
7 H'22 1 H'2 6
6 G'2y 1 G'4 2
5 F'27 0 F'7 6
L —_— 0 - 0
3 D'26 0 D'6 8
2 _____ 0 o 0
1 0 0
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accumulator (10) are connected to both sets of icand selector gates, Stage M
of the ier accumulator is stoticelly connected to gates BY47 and L"45 and
stage i of the icané aceunulstor, to pntes CYV47 and LM,3 of the eomplement
corrcction circuit (see Sec, 5.2.2.), Fifty leads in each of 4 55—condﬁct0r
cables cre used for the static outputs of the 20 decide counters involved, an
sddidional lead in cach »f 2 of the cables carries minus si;n data, These
cables zre brousht from accumulators 9 and iO to the selector getes ih tha
hizh speed multiplier by way of the static cable trough which runs along the
top of the ENI.LC panels,

Only accumulators 9 anc 10 which are next to the high-speed multiplicr
can be used as the ier and icand accumulatorsstfgily one addition time, the 2nd,
is allowed fvith a8 safety fzctor included) for the set-up of the arguments in the
selectors, If lonper static leads were used to deliver the arpuments to the
sclectors, more time than has been provided woulcd be needed to set up the
aryunients, &85 a natter of faet not even the ier and icand accunmulators can
be interchan:ed since the tine constauts have been messurecd on the basis that
the further sccurulutor (9) is connected to the ier selectors on nanel 1 and
the nearer accumulator {(10), to the icand sclect:ors on panel 2 of the high-
speed multiplier,

The outputs of pgates B, D, F, and H50 in the clear circuits (see
Sec, 5.2.2,) are 2lso cmnneéted tz the P clear units of the argunment accunu-
lators,

A1l the other connectiins between the multiplier and its associated
secumulstors for numerical and programing purposes are made through digit or

program trays or cables, Thesc are shown on PX-6-311,



5.441.1, Programming Connections for "Receive argument" Instructions

The terminals Ra-Re are connected to program pulse input terminals on
the ier accumulator, The program switches associated with these terminals are
set up appropriately. Similarly terminals Da-De are connected to program pulse
input terminals on the icand accumulator. ‘Although PX-6-311 shows all of the lin-hse
Ra-Re and Du-De terminals comnected, it is, of cburse, necessary to make connec—
tions only for the terminals which are used,
5.4.1.2, Connections for Partial Product Reception

The signals emitted through the 1 and r terminals on‘panel 3 of the

high-speed multiplier during addition times 2 through p+2, are delivered to
the "receive on a" programming circuits of the partial products accumulators
hy means of cables (see PX~5-171) rumﬁng from the 1 and r terminals t0 inter—
connector terminals on the LHPP and RHPP accumulators respectively, The digit
output terminals on pancl 3 of the high-speed multiplier are connected to the
e input terminsls of the partial products accumulators, If products with 8 or
fewer significant figures are redpired, the dotted digit connections may be

omitted,

To repeat the statement made in Sec. 5.2.2, no other units can be
connected in parsllel to the trays used to carry the partial products and.no
load box should be Used on these trays;

5.4.1,3, Connections for Complement Correcfion

The S output terminals of the ier and icand accumulators are con-
nected to the B input terminals of LHPP Accumulator I and RHPP aAccufiulator I
respectively for the purpose of delivering to these accumulators the correction

terms required if either or both of the arguments are negative (see Table 5-1),
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with these digit conneetions, the following program connections must be made:
1) from terminal RS on panel 3 to a control on the ier accumulator
set up for subtractive transmission and to a contrecl on the LHPP
accumilator set up for reception on B.
2) from terminal DS on panul 3 to a control on the icand accumulator
set up for subtractive transmission and to a control on the RHFP
accumulator set up for rgception on B,

A second nethod of making the couplemcnt correction conncctions is
possible, The S output terminals of the ier and icand accumulators may be con-
nected to the P input terminals of RHPP accumulator I and LHPP accumulator I
respectively, In this case the nrogram connections are as follows:

1) from terminzl RS to the ier cccumulator and to the RHPP accumulator

2) from terminal DS to the icand accumulztor and to the LHPP accumu-

lator.

Belielelys Connections for Final Product Collcetion

PX-6-311 shows the partial product accumulators set-up so that the
RHPP accumulator also serves as the final product accumulator, The A output
terminal of the LHPP accumulator is connceted to the B input terminal of the
RHPP accumulator and the F terminal on panel 3 is connccted to & control on
the LHPP set up for rcception on B, Since the RHPP accumulator is free for
two addition times at the beginning of multiplication programs and the LHPP
aceumulator is free for only onc addition time (sce Sec, 5.1.5.), there is a
slight advantage in using the RiPP accumulator as the final product =zecumulatoer
if repetitive disposal of the product is contemplated, Otherwise, by suitable
digit tray and programming conncections, the LHPP accumulator can just as well
be made to servas as the final product accumulator. Notice that it is not neces-

sary to use a shiftcr at the B input terminal of the FP accumulator in cellecting
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the partial products in onc¢ accumulztor because the high-speed multiplier's
shifters align the partisl products so that thcy can be combined properly,

5.4,1.5, Programning Connections For Product Disposal Instructions

PX-6-311 shows scveral of thu a, S, ..., ASC terminzls on panel 3
connected to program controls on the final product ~ccumulator which :rre set-
up for transmission, As montioned earlier in Sce. 5.1.5,, the neanings token
on by the points A, 5, ..., ASC on the product disposal switch depend entirely
on the set up of the program controls on the final produet accumulator to which
the terminals A, S, ,.., ASC &rc connccted,

5.4.,2. Position of Decimal Point in Product iAccumulator

The position of the dacimal voint of the product enn easily be deduced
from the description of the wry in which the shiftcrs route the particl products
(see Seec, 5.3.), If r, d, and f respectively represcnt the number of decude
places that the decimnl points of the ier, iesnd, and fincl product are removed
fron the Pl place in their respective accwmlstors (r, d, &nd £ urc positive or
negztive according ns thoy »r¢ countced toward the right or left of the PM countcr),

then
f=r+4d

This forruls is illustroted in the table below,

ier r iecand d product' f
P 1, 000 000 000| 1 P1l. 000000000 fF 1 [{P O 1.00 000 000 2
P 0 03.0 000 000| 3 P., 0000000008 o P O PL,2 00O 00O 3
P 0 03,0 000 000| 3 H 107%(P.., 000 000 000 ] -2 ¥ P 0. 012 000 QOO 1
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5.5, ILLUSTRATIVE PROBLEMS

Programs set up on the highespced multiplier are described in the

high-speed multiplier column of set-up tables as follows:

1} On the first level, 1-J, at the left, represenis che line from
which the program input pulse comes :nd_(E}, at tne right, the
program control

2) On the second level, the first puir of symbols (@, ..., g0r O
followed by C or O} represents the settings of the ier accumu~
lator receive and clear sﬁitches; the second pzir of symbols
represents the settings of the icand accumulztor receive and
clear switches; the third symbol (a; i.ij aSC, or 0) the setting
of the product disposal swiﬁchi A specizl meaning assigned to
one of the points on the product disposal switch is indicated
by an astcrisk and an explanatorj note &t the top of the high-
speed multiplier column,

3) On the third level, the first symbol (2, ..., 10,or off) specifies
the significant figures switch setting; the second symbol, the
places switch setting.

4) On the fourth level, locsted on the addition time line in which
the progrem is completed, the symbol m-n designates the program
output pulse,

Thus, the following symbols

1-3

aC B0 A
off, 8

I
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describe a program set up on high-spced multiplier control 4, The program
input pulse comes from line 3 of program tray i. The ier accumulator receives
its argument through its a input terminal and the icand 2ceumulator rececives
the icand through its § input terminal, The ier 2ccumulator is, and the icand
accumulator is not cleared at the end of the program, The product is trans-
mitted additively from thc final produet accumulator. The éroduct is not
rounded off and 8 multiplier places arc used, The progrom cutput pulse is
transmitted to line 5-6, If the program input pulse 1-3 wefa received, say,
zt the end of addition time 6, 211 the above symbols except the arrow and the
program output pulse would appear on the addition time 7 line, The arrow
would run from the line for addition time 7 to the line for addition time 18,
The program output pulse symbol would appear on line 18,

No symbols are written in the columns for accwmulators associated
with the high-speed multiplier when thesc accumulators carry out programs
(receiving the arguments, for example) stimulated by the high-speed multiplier.
The set-up disgrams, however, indieztc the semi-permznent connections made
between the high-speed multiplicr snd these accumulators,

For the symbols used on the set-up diugr=zms se¢e Fig, 5-1 below,

5.5.1. One Program Control Dcvoted to Euch Multiplicaticn

The problem of Sce, 7.5.l. which describos the way in which the ENIALC
can be set up to perform quadratic Lagrangian intcrpolation illustrates one
nethod of using the program controls on the high-speed multiplier, Here it is
agssumed that the interpolation is earried out as part of 2 computation which
does not come anywhere near exhausting the program control facilities of the
high~speed multiplier. Since sufficient program controls are available, one

contrcl is devoted to cach multiplication program.
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The stimulating pulses for thec various rultiplication programs are
derived directly from the main programming sequence and the multiplier's
progran output pulses go back to the rizin programming sequence (see Table T=4).

5eb.2, One Program Control Used Repeatedly

The computation discussed in section 6,5 which consists of forming

3
S 3
W*‘,%-_-l‘ﬁ

+ cd

illustrates the repeated use of a given high-spced multiplier program control,

In this computation, the thrce peirs of multiplications to form the torms X,

and then xi’ while they involve different arguments, can be handled by onc pair
of multiplier controls, Here a2gzin the pulses which stimulate the multiplication
programs as well as the ones which stimulate trensmission of xl, Xy

the argument accumulcotors arc derived from the nain progrzm sequence, However,

and x3 to

after each tern xz is formed and received in another cccurulator from the final
product accumulator, the program scquence goes to the master progrermer for in-
structions as to whether or not the multiplier program controls used repeatedly
for the formation of xf and xg are to be used 2gain end, if so, with which
argunent (see Table 6-13),

The problea of Sec, 6.5, also illustrates the use of one of the
points on the product disposal switch to effect ropeated transuission from

the final product accurwmlator,
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5.5.3. Isolation of Program Sequences Which Stimulatc Transmission of irgunents

to argument accumulstors, Multipliecztion Programs, and Reception of Products

From Product sccunulators,

In Sec, 8,7 is described a problem in which there is a basic compu~
tation sequence involving 17 multiplications., This basic sequence is repeated
10 times in the course of thc problem, One¢ program control is devoted tc cach
of 12 of the rmultipliestions and the remaining 5 multiplications are taken care
of by either of 2 program controls, Each tinme the basic computation sequence
is repezted, urguments stored in different units of the ENL.C are used. 4ilso,
within each sequence, the lacation of one of the arguments required in the 5
multiplication programs which are performed on 2 progrem controls, as mentioned
above, varies, Furthermore,in alternate repetitions of the basic computing
sequence, 6 of the 17 products are received by wey of different input terminals
in the accumulators to which the final product accumulator transmits,

The set up for this problem is summarized in Table 8-13 .s much of
the besic computing sequenee as is constant for all 10 repetitions is handled
in one predominant program sequence, In this predominent program sequence,
the same progran input pulse which stimulates a multiplieation program also
stimulates the accumulators which store arguments for the multiplication to
transmit them and the program output pulse from a multiplier progriem control
not only stimulztes the reception of the product from the final prcduct accu-
mulator, but also initiates the next multiplication program. The program pulses
for thie predominant sequence are carried in program trays 7 and 8 (see Table

8'13 .
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Branching off the predominant program sequence and carried on in
parallel with it are three senuences., The sequence whose stimulating program
pulse is carried on progrem line 6-11 is concerned with procuring appropriate
argunents in the cases where the locztion of argument varies from repetition
to repetition, i second sequenee whose program pulses ere carried on progran
tray 9 is conéerned with se¢lecting which of 2 multiplier controls is to be
used for 5 of the 17 multiplications ind with stimulating the transmission of
an appropriate argument., . third sequence whose program pulses are carried
on trays 10 and 1l handles the reception of & of the 17 products from the
final product accunulztor,

The iteration of the predominant sequence with its branches 10 times

is provided through the use of the mester programeer.,
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VI. DIVIDER AND SQUARE ROOTER

The divider and square rooter is the unit which enables the ENIAC to
carry out the operations of division and square rooting, The time required to
complete these operations depends on the number of places required in the anewer
and the digits in each place of the answer, If it is assumed that the average
digit of the answer is 5 and if p designates the number of places in the answer,
approximately 13 p addition times* are consumed in division or square rooting.

The first seotion of this chapter contains a general summary of the
divider and square rooter, Sections 6.1, 6.2, and 6,3 respectively cover the
program controls, cemmon programming circuits, and numerical circuits of this
unit, Information pertinent to the interrelation of accumulators associated
with' the divider and square rooter appears in Seetion: 6,4, &nd 6,5 includes
an illustrative set—up for computations invelving the divider and square rooter,

The following diagrams will be referred to in this chapter:

Front View of the Divider and Sguare Rooter PX-10-302
Divider and Square Rooter Front Panel PX-10-301
Divider and Square Rooter Block Diagram PX~10-304

Interconnection of Divider and Square Rooter
with its Associated Accumulators PX-10-307

6.0, GENERAL SUMMARY

The divider and square rooter carries out a division or square rooting
by operating as a2 central programming agent for a group of associated accumulators
(see Section 6,4), In division the associzted accumulators are the numerator

(dividend) accumulator, the denominztor (divisor) acéumulstor, shift accumulator,

#In Section 6.2 a formula for calculating exactly the number of addition times
required for a given division or square root is given,
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and quotient accumulétor; in sguare rooting the associated accumulators are ths
numerator (radicand) sccumulstor, the shift accumulitor, and the denemin:ter

(twice the root) accumulator, The divider controls these aceumulators in the

sense that at various periods of the Opefation cycle, it transmits to these zceunmue
lators progran signals - appropriate to the period of the computation and the
quantities involved in the computation and in the sense that it provides the
answer accumulator with the numericel data from which the answer is ultimately
formed,

The operation cycle, whether for division or squsre rooting, divides
itself rether clesrly into 4 periods: period I in which the stage is set for
the following periods, period II during which the operztion itseclf proceeds,
period III, the round -off period; and period IV, the interlock and clear period.
When a divider and square rooter progrom control is stimuiated, the events which
occur in the four perieds mentioned abovez, depend, to some extent, on the way in
which the program control is sot up, (ef, Seetion 6,1 and the illustrative

examples in Tables 6-2 and 6-3),

In addition to a transcciver with program pulse input and output
terminals, each of the 8 program controls contains an interlock pulse input
terminal and 8 program switches (see PX-10-301). The program switches provide
the operstor with options as to:

1) reception of the urguments by thc argument accumulators (numerator

and denominator accumulator receive switches)

2) clearing of one or both of the argument z2ccumulators upon

.completion of the program (numer:tor end denominator accumulator

clear switches)
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3) choicc between the operations of division and square rooting
(divide~square root and places switch)

4) the number of places to be obteined in the answer (divide-squore
root and places switch)

5) round-off or no round--off of the answer (round-off swi’ch)

6) whether or not the trensmission of 2 program output pulse is to
wait on the divider-squarc rooter's reception of 2n interlock
input pulse (interlock switch)

7) tronsmission of the answer froﬁ the guotient or denondnator
accumulator (answer disposal switch),

During period I of & division, the divider and squarc rooter cmits
signals which stimulate the argument accumulators to receive the arguménts in
accordance with option 1 above znd sets up certain of its common programming
circuits (see Section 6,2) in accordance with option-B.

Period II, for division, includes combinations of = basic division
sequence and = shift sequence, When the numerator and denominator have like
signs, the denominator is subtracted from the numerator and the quotient is
increased by one unit in a particular decade place; when the signs of the
arguments are unlike, the denominator is added to the numeratcr and the quotient
is decreased by one uhit in a particular decade place, When the remainder from
the numerator after an ~ddition or subtraction of the denominctor shows an over-
draft (i.e, a change in sign from the one which the remainder carried before the
addition or subtraction), the basic division sequence is interrupted, Then the
remainder is transmitted from the numerator accumuletor to the shift accumulater

where it is received shifted over one place to the left. Next the numerator
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accumulator again receives the numerator from the shift accumulator. The basic
division scquence is repeated with the quotis=nt respectively innreased cr ds-
creased by one unit after every time a subtraction or addition of the Aen~minétor
taltes pluce, Aftoer a snifht sequence, however, the unit is added t>y or subtrzacted
from a decade olaaé o the guotient one further to the right than before uhea
shift sequence.%

Sgnare rgots in the ENYAC are obtained by a method which makes use
of the fact that :E: (21 - 1) = az and waich is analogous 4o a method often )
used to find squar; ;;ots on e¢lectric or marual desk computing mnchires,

Period 1 for squzre-rooting not only covers the reception of the
numerator {or radicand) and the sct-up of certain circuits in the divider and
square rooter, but also provides for the reception of one pulse in the 10
decade of the denominator{iwice the roct) accumulator,

In the basic souoresrooting sequence of period II, odd numbers suc-
cesgively increasing (and accumulated in the dcnbminctor accumulator) are sub-
tracted from the radicand until an overdraft occurs, Then odd npmbers successive-
ly decréesing are added to the radicand, The ENIAC finds By this procedurc twiec
the square root (formed in the denominmtor accumulztor) since the answer is in-
creased or decreased by two units after each addition or subtraction takes pluce.
Period II, in squarc rooting as in division, includes 2 shift sequence which
tzkes place whenever the remzinder from the radicznd indicates a change of sign,
The square root shift suquence provides for transmission of the radicand to the

shift accumulator to shift it one place to the left and the return of the shifted

radicand to the numerator or radicand accumulator., The shift sequence, further-

*From the time that period II begins until just sfter the first overdraft, one
unit is added to or subtracted from the 10® decade of the auotient in the basie
dividion sequence, After the first shift sequence, the 10’ deezde of the
quotient is worked on by the divider ete,
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more, provides for the subtraction or addition gespectively of one unit first in
the decade place in which twice the root was previously increased or decrcased
by two units in the basic square root scquence and then in a decade place one
further to the right., After a shift secuence the basic square root sequence is
repeated until overdraft occurs, Teble 6-1 shows the contents of the radicand
accumulator and of the twice the root accumulator at various times in period II
of square rooting, -

Period II is terminated and period III initiated when an overdraft
occurs and when the divider and square rooter has found the number of places
(counting toward tre right from the PM decade) of the answer specified by the
setting of the divider-square root.and places switch of the answer. In division,
period ITI includes the shifting of the numerator one place to the left as in the
shift sequence of period II, Then, if round-off is specified by the setting of
the program control, the denominator is subtracted from or added to the numperator
(if the numeratort!s remainder and the denominator have like or unlike signs re-
spectively) five times, If overdraft does not result from these subtrzctions or
additions, the quotient is respectivcly increased or decrecased by one unit in
the last place from the left required by the setting of the places switch,
Period III of square rooting is similar to that for division except for two
details, In square rooting thi; pericd covers the shifting of the radicand's
remainder and the addition or subtraction of one unit in the decade place of
twice the root which, in the previous basic square root sequence, was decreased
or inereased by two units. Also, in square-rooting as in division, if round--off
is speecified, the contents of the denominator accumulator are then subtracted

from or added to the contents of the numerator accumulator, If no overdraft
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results, twice the root is increased or decreased by two units,

Period IV is identical in both division and square rooting. In this
period, ring counters (see below and Section 6.,2,) in the divider and square
rooter are cleared and certain flip-flops are resst so as to ready the divider
and square rooter for the next program. A program output pulse is transmitted
either to indicate the completion of the operation or the reception of an inter-
lock input pulse as well at the completion of the operation. The divider-square
rooter signals for the disposal of the answer in accordance with the setting of
the answer disposal switch at the end of perieod IV and the numerator and denom-
inator accumulators clear or do not clear in accordance with the settings of the
numerater and denominator accumulctor clear switches,

The events described above are motivated by the divider and square
rooter's common programming circuits (see Section 6.2). The answer which is
accumulated in the quotient accumulator in division or in the denominator accu-
mulator in square rooting is supplied by the numerical circuits (sce Section 6,3)
of the divider and square rooter.

The common programming circuits of the divider-square rooter which are
operated by the program controls m2y be divided roughly into 3 categories:
circuits which are concerned solely with programming within the divider-square
rooter (internal programming circuits); eircuits which program the associated
accumulators as well as other circuits within the divider (internal - external
programming circuits); and circuits concerned solely with programming the accu-
mulators associated with the divider and square rooter (external progracming
circuits),

The internal programming circuits (sec PX-10-304) include the program



VI - 7

ring circuit, the overdraft eircuit, th: sign indication circuit, the divide
flip-flop, and the intcrlock and clear circuit,

The program ring circuit contains a flip-flop called the pulse
source flip-flop which controls the emission of certain specialized pulses (sec
Section 6,2) used only in the divider and square rooter, Which pulses are emitted
depends on whether division or squeare rooting is the oper:stion and also on the
peried of the computation, The 9 stage program ring direects the progress of
the computation by providing gates for particular signals suitable to the phase
of the computation‘at various timﬁs: The cycling of the program ring is con=-
trolled by the program ring flip-flop and by certain of the special pulses whose
cmission in turn, is controlled by the pulse source flip-flop.

The overdraft circuit hss for its purpose the scnsing of overdrafts.
It consists of a binary ring counter (called the numerator ring) for registering
tﬁo sign of the numerator., This ring is cycled only during period I and just
after the nuncrator is shifted to the shift accumulator in periods II and III.
-In addition to the numerator ring, the overdraft circuit has four gates each of
which is connceted to a stzge of the nunerator ring and staticelly to the PM
- counter of the nunerator sccumulator., As long as the remninder from the nunera-
tor rencins the seme as it was before an addition or subtraction of the denom-
inator, this circuit emits an NO (no overdraft) signal, ihen the numerator!s
remainder changes sign an O (overdraft) signal is emitted.

The sign indication circuit compsres the signs of the numerztor and
denominztor cmitting a like sign signal when numerstor and denominator have the
same sign and an unlike sign signal when the signs of the numerator and denom-

inator differ, The denominator flip-flop in this eircuit is set only if the
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denominator is negative, Thce denominator flip-flop fecds to each of four gates
which have for their second input static lezds from the PM counter of the numera-
tor accunulator,

The divide flip-flop is used to remember whether the operation being
performed is division or square rooting., This flip-flop affects programming
only during the round off periosd at which time its intefvention results in the
emission of the instructions which distinguish period III for division from
period III for square rooting,

The interlock 2nd clear circui@ which consists of the interlock flip-
flop, the interlock coineidenec flip-flop, the clear'flip-flcp and the various
gates operated by these flip-flops, during period IV, emits signals which clear .
the divider ¢nd square rooter's rings and reset certain of its flip-flops,

The circuits which are both internal and external programing circults
are those containing the receivers which, when set, motivate the accunulators
associtted with the divider and squerc rooter to perform certezin suboperations
invelved in division and square rooting und which also stimulite other progran-
ning circuits within thc divider und squarc rooter to. function (seg Section 6.2).
The rcceivars ineluded in this category are the Ny, Dys» Dy, Qﬁ’ Dy, D'y’ S, and N,
and SAC and N'y receivers, Signals from these receivers arc dclivered to the
associated aceunulators by means of special cables leading fron the quotient
accumulator eand shift accumulator program terminal, the denominator and square
root accurulator program terminal, and the numerator zccumulntor interconnector
terminal (see PX-10-301) to interconnector terminals on zccuwnuletors correspond-

ing to the names of the terminals on the divider snd square rooter,
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The N, receiver stigulates the reception, via the numerator accumula-
tor's y input channel, of the dencminator or the complement of the denominator
when either of these quantities is transmitted from the dencminator accumulator
as a result of the setting of the D, or Dg receivers during the basic division
or square rooting sequence of period II or in round off during period III.

The qx receiver controls the reception, via the quotient accumulator!'s
a channel, of the units which are used to form the guotient and which are trans-
mitted by the divider and square rooter whenever the basic division sequence of
period II takes place or at the end of period III in roﬁnd off programs if no
overdraft res&lts from the addition or subtraction of five times the denominator
from the numerator,

The Dj, receiver controls the reception by the denominator accumulator
via its ¥ channel of the +2 or -2 units transmitted by the divider and square-
rootef every time the basic square rooting sequence of period II occurs or in
period III if no overdraft occurs after the addition or subtraction of 5 times
twice the square root in period III of round off programs,. Another receiver,
the D', receiver also controls reception via the denominator accumulator's y
channel of numerical data which ultimntely forms twice the square root, This
receiver, however, is used to program the reception of the single unit (+ or -)
transmitted first in a given decade place and then in a decade place one further
to the right during the square rooting shift sequence of period II and to program
the reception of a single unit just once at the beginning of periocd III for
square yooting,

The Sa’ NAC’ SAC’ and N', receivers control events which occur during

y
the shift sequence of period II and at the beginning of periocd III for eitlier
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division or square rooting, The first two receivers stimulate the transmissicn
(with clearing) of the contehts of the numerator accumulator to the shift aceumu-
lator which receives this data through its a channel, A shifter which shifts
numerical data one place to the left is placed at the a input terminal to accom-
plish the shifting of the numerator, The numerator is then cleared out of the
shift accumulator and returned to the numerator accumulator via the'nhmérator
accumulator's y input channel as a result of the setting of the SAC end N'y
receivers,

The eircuits which are used solely fer external pregramming are the
numerator and denominator accumulator clear circuits and the N, NB' Dy» DB’
receivers and answer disposal receivers 1, 2, 3, and 4, Signals frem the external
programming circuits are delivered to the associated‘apcumulators in exactly the
same way as are the signals from Lhe circuits which are both internal and exter-
nal programming circuits,

The Ny and Ng receivers correspond respectively to the points o and B
en the numerator accumulator receive switches and are used to stimulate the re-
ception of the numerator (er radicand) by the numerator accumulator at the begin-
ning of a program, The D, and DB receivers have a similar function. Whether
these receivers actually stimulate reception th;oggh the a or B input channels
or through some other channels depends, of course, on the manner in which the
interconnector plugs of the cables léading from the divider and square rooter to
the numerator and denominator accumulators are wired, The plugs, (see Section 6.4)
" used at present, however, stimulate reception in accordance with the labelling
on the numerator accumulater and dencminator accumulator receive switches,

The instructions given teo the quotient or denominator accumulator as

a result of the setting of one of the four answer disposal receivers depend on
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the wiring of the interconnector plugs used to deliver the divider and square
rooter's programming instrqctions to the answer accurmlators (see Section 6.4).

The answer is built up in the quotient accumulztor (in divisiocn) or
in the denominztor accumulator (in square rosting) out of numerical data produced
by the numerical circuits of the divider and square rooter, These circuits,
which are discussed in greater detail in Section 6.3, include the +1, -1, +2, ~2‘
receivers, gates controlled by the above mentioned receivers which pass the 1, 2,
2'y 4y, 9, or 1! pulses, the 10 stage plzce ring, and 10 pairs of digit output
gates with each pair controlled by a stage of the placé ring,

The answer is formed one unit (in division) or two upits (in square
rooting) at a time in a particular decade place from the digit pulses passed
through the 1, 2, 2', 4, 9, and 1' pulse gates‘and routed into appropriate
decade places by the 10 pairs of getes controlled by the places ring. Sign
indication M belonging.to any component of the answer is derived from the 9P
delivered to the PM lead of the answer output terminsl on the divider and square

roocter front panel,
6.1, PROGRAM CONTROLS

The divider and square rooter hes 8 program controls each consisting

of a transceiver with program pulse input and output terminals on the divider

and square rooter front panel, an interlock pulse input terminal, a numerator -
acéumulator and a denominator accumulatop receive switeh, 2 numerator accumulator
and denominator accumulator clear switch, a divide-square root and places switeh,

a round -off switch, an answer disposzl switch, and an interlock switch.
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6,1.1. The Numerator Accumulator and Denominator iccumulator Receive Switches,

The numerator accumulator snd denominstor accumulator receive switches
of the divider and square rooter have the same puroose as the multiplier accumu-
lator and multiplicand accumulator receive switches of the high-speed multiplier
(see Section 5,1,), These two sets of switchos on the divider—sauare rooter
enable the operator to control the stimulsztion of the rereption of the arguments
entering into a divider and square rooter program centrally at the divider and
square rooter instead of locally at the associated accumulators, The instruections
specified by the setting of the receive switches on the divider and square rooter,
however, are transmitted statically to the numerator and denominator accumulator
via cables leading from the denominator-square root accumulator program terminal
and the numerator accumulator interconnector terminal on the divider and square
rooter's front panel fa interconnector terminals respectively on the numerator
accumulator and denominator accumulator, It is to be noted that in the case of
the high-speed rultiplier, the instructions set-up on the receive switches are
transmitted in pulse form from pulse output terminals on front panel 1 of the
high-speed multiplier to program pulse input términals on the ier and icand
accumulators, In the case of the high-spced multiplioer it is necessary to set-
up ier and icand accumulator program controls corresponding to the Ra--Re and
Do "= De terminals on the high-speed multiplier, In the case of the divider and
square rooter it is not necessary to set up program controls on the numerator
and dencminator accurmmlators since the receive instructions are delivered directly
into the common programming circuits of these accumulators.

The numerator accumulator and dencminator accumuletor receive switches

differ also from the high-speed multiplier's receive switches in that the former
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offer the operator only two options as to the accumulator input channel tlrough
which reception is to take place, The ctables used to connect the numerator
accumulator interconnector terminal and the denominator and square root accumu-
latcr program terminal to the numerator and denominator accurmulator intereonnector
terminals have been so wired that if either or both of the numerctor or denomina-
tor accumulator receive switches be set to a or @8, the corresponding accumulato-
receives its argument through the a or B input channel respectively (see Section
6.4.3.).

I? it is not desired to stimulate the reception of an argument on any
given program or if it is desired to control the reception of either or both
arguments for a given program locally at the appropriate accumwlator (by deliver—
ing a program input pulse to a suitably set. up program control on the accumulator
either before or simultaneously with the program input pulse that stimulates the
divider and square rooter program control), then one or both receive switches can
be set to 0 (oft).

When the receive switch of a given program control is set to a setting
different from O, the divider and square rooter emits the receive instructions
at the same time as the program control's transceiver is set by the program in-
put pulse so that the accumulator correlated with the receive switch receives
its argument during the 20 pulse times irmediately fellowing the reception of
a program input pulse by the divider and square rooter (see Section §.2),

6.1.2, The Numerator Accumulator and Denominator Accumulator Clear Switches.

The numerator accumulator and denominator accumulator clear switches
control the clearing of.the numerator and denominator accunulztors respectively,
These switches have two positions: C (clear) and O (off). If a clear switch is

set to C, the clear circuits (see Section 6,2,) in the divider and saquare rooter
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emit & clear signal during the last addition timc of a program just before the
transmission of a progrom cutput pulse, This signal is delivered by means of
statie leads from the divider and square rooter to the P-@lear Unit of the
accurulotor eorresponding to the receive switch set at € in the addition time
at the end of which the divider and squsre rooter emits a program output bulse.
Since the denominator accumulator is used as the answer accunulator in
-square rooting programs and since answer disposal tokes ploce in the addition
time following the transmission of a program output pulse (see Table 6-10), it
is obvious that the answer would be lost before it could be transmitted to another
unit if the denominator accumulstor clear switch were set at C for squufc root-
ing prograns, Thc snswer disposal switch together with 2 suitable adaptor (sueli
as the one shown on PX—4=1l4a or PE-4-114C~sec Section 6,4.2) plugged into the
denominator square root accunulator program terminal provide & correct method
for clearing the denominator accumulat.r without loss of the enswer in square
rooting prograns,

6.1.3, The Divide~Square Root and Places Switche

The divide-square root and places switch provides a means of choosing
which of the divider and square rooter!s operations is to be performed on a
given program and of specifying the number of plac¢es in the answer (counting
from the PM counter toward the right as seen from the front of the unit) to
be found, The five left hand positions of this switch specify division to 4,
7, 8, 9, or 10 places and the five right hgnd positions, square rooting to 4, 7,
8, 9, or 10 places (see Section 6,4,3.). The number of places chosen by the
operator for a given program will depend on the accur:cy requirements of the

computation and on the alignment of the arguments in the argument accumulators,
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See Section 6,4 for a discussion of the relatioﬁahip between the location of
the decimal point in the argument anduanswef adccumulatorsy

The setting of the divide-square root and places switch like the
setting of the significant figures switch of the high-speed multiplier, has no
effect on the putting in of the 1'P pulse when the answer is disposedfﬁf.sub-
tractively ftom the answer accumulator, Which decade the 1'P is put iﬁto in
subtractive disposal depends on the setting of the significant figures switch
on the answer accumulator. If programs with different round off requirements
are performed, it may be necessary to supply the 1'P at the accumulators which
receive complements from the answer accumulator,

6.1.4. The Round Off Switch

The round off switch offers the operator a choice between obtaining
an answer rounded off (RO) or not rounded off (NRO) to the number of places
specified by the setting of the divide-square root and places switch, In general,
division or square rooting programs in which 10 or fewer answer places are re-
quired will either be performed with round off or else round off will be taken
care of in an accuymulator after the divider has found more answer places than
are required., To obtain answers with 11-19 places (see Sections 6.2 and 6.4),
two programs are necessary. The first one, in which the first 10 left hand
digits are found, should be performed without round off, Thé result of the
second program should be rounded off whether am part of the second divider pro-
gram or in an actumulator after the divider program,

It should be noted that under certain circumstances, twice the square
root obtained through & round off program may be in error by 2 units in the last

place found, For cxample, the divider and square rooter produces the answer
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PO002 when 2VO is found to four places in a round off program, The reason for
this slight inacecuracy becomes apparent when it is remembered that round off of
square roots as carried out by the divider is only zpproximate, Let R represent
the remainder from the radicend and let p + 2x be the number stored in the denom-
inator accumulator at the end of addition time III - 2 where 2x is the extreme
right hand digit of the answer found (qo that, at this time p is the answer less
2x). Assume that k answer places have been found and, for simplicity, let us
say that the decimal point in the numerator and denominator accumulator oecurs
k places from the left, If k is odd (so that R, the remainder from the radicand
before round off, is gfeater than or equal to zero) the decision to change or
not change the answer by 2 units in the last place depends on whether R-5p-10x
does not or does show an overdraft. If round off werercarried out exactly, the
quantity R-5p-10x-2,5 would be examined instead, Thus, the rounded off answer
is insevurates when R-5p-10x 2 0 and when R=5p-10x-2,5 £0, It can easily be seen,
then, that the rounded off answer obtained in square rooting programs is correct
except when

0 4 (5p + 10x) - |R| £2.5 for an even number of places
or 0 & |R| ~ (5p + 10x) € 2.5 for an odd number of placea

6.1.5 The Answer Disposal Switch.,

The answer disposal switch on the divider and square rooter is
¢omparcble to the product disposal switch on the high-speed multiplier in that
the former snebles the operator to provide for the stimulation of the disposal
of the answer from the answer accumulator without the necessity of delivering a
program input pulse to the answer accumulator specifically for this purpose, The

answer disposal switch on the divider and square rooter, however, offers the
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operator only 4 ontional methods of disposal in contrast with the 6 options of
the product disposal switch on the high-speed multiplier,

The answer disposal signals emitted by the divider and square rooter,
moreover, are static signals which are delivered to the quotient and/c# denomina-
tor accumulator by means of cables connecting the quotient accumulator and shift
accumulz tor program terminal ahd/or the denominator-square root program terminal
to interconnector terminals on the quotient and/or denominetor accumulator,
Points 1 and 2 of the answer disposal switch refer to the disposal of the
quotient and points 3 and & ip the disposal of twice the root, The exact meaning
conveyed by their sottings, however, depends on the wiring of the adaptors and
interconnector cables used to cﬁrry instructions from the program terﬁinals on
the divider and square rocter to interconnector termincls on the associated
aceumulztors {see Section 6.4.2) since the instruction signals are brought
dirsetly into the accumulators' common programming circuits., In the high-speed
multiplier, on the other hand, the instructions specified by the settings 4, S,
AS, AC, 5C or ASC of the product disposal switch, depend on the set-up of the
product accumulator program controls which receive product disposal pulses from
the A, S, AS, AC, SC, or ASC pulse output terminals on panel 3 of the high-speed
multiplier,

6.1.6. The Interlock Switch.

The setting of the interlock switch dotermines the conditions for
the occurrence of the final addifion time of a divider and square rooter program
(i.e. the addition time when a program output pﬁlse, answer disposal signal,
signal for clearing the zrgument sccumulator's and signals for clearing certain

circuits within the divider and square rooter are emitted)., If the interlock
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switch is set at no Interlock (NI), the final addition time occurs during the
second addition time following the completion of the actual numerical operations
involved in a division of square rooting (i.e. during the second addition time
of period IV), If the interlock switch is set at I (interlock), not only must
pericd III be complated, but also the divider and square rcoter must have re-
ceived an interlock input pulse before the divider and square rooter program
can be considered completed. In the interlock cnse, the final addition time
takes place during the second addition time following whichever of the 2 events
hereinafter list=d occurs later in the cycle of operations: 1) completion of
period III; 2) the reception by the divider and square rooter of an interlock
input pulse (see T=ble 6-10),

The interlock feature of the divider and square rooter is desirable
when a division or square rooting program occurs simultaneously with another
sequence of programs and is to be followed by a second sequence using either the
same units as are used by the sequence in parallel with the division or square
rooting or using results obtained from the parallel sequence and results of
the division and squarc footing.. By using the final program output pulse of
tﬁe sequence in parallel with the division or square rooting as an interlock
input pulse and then using the divider and square rooter's program output pulse
as the initial program input pulse for the sequence which is to follow the
division, the cperator insures the completion of all of the programs of the
parallel sequence before the commencement, of the second sequence,

Had the interlock feature been omitted from the design of the divider
and square rocter, the operator, under the same circumstances as those deseribed

in the previous parc=graph, would have faced two equally disagreeable alternatives:
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1) never to schedule a parallel sequence lasting between the minimum
time to maximum time for completing a division or square rooting

2) to compute the maximum number of addition times required to complete
the division or square rooting program and then to use the final
program output pulse of the sequence in parallel with the division
or square rooting to produce eventually (after a delay consistent
with the maximum division or square rooting time) an initial pro-

granm input pulse for the second sequence,
6.2, COMMON PROGRAMMING CIRCUITS

6.,2.1, Stetus of the circuits before a transceiver is stimulated,

Before a program input pulse is received by a transceiver to stimulate
a given program control, but immediately after initial clearing or the completion
of a previous program, the status of certain important compenents of the di?ider
and square rooter's common programming circuits may be summarized as follows:

In the program ring circuit, the pulse source flip-flop and the pro-
gram ring flip-flop are in the 80 cglled_normal state. The program ring (whose
stages are designated by 4, B, 1, 2, ..., 7) is in stage A, The observer view-
ing the divider and square rooter from the front (sce PX=-10-302) observes that
the pulse source and program ring flip-flop neons are lit as is program ring
neon A,

The numerator ring of the overdraft circuit is in stage P (the
corresponding neon is 1lit) and the denominator flip-flop of the sign indication
circuit is in the normal state (with the denominator flip~-flop neon lit). If

the previously completed program was a square rooting program, the divide flip-
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flop is in the normzl state and the divide flip-flop neon is off, Otherwise this
flip-flop is in the abnormel steto and its corresponding neon is on, The inter-
loeck, interlock coineidence, and clear flip-flops are in the normal state (and
their corresponding neons are off), The receivers of the internal and externzl-
internal programming circuits are all in the norm2l state and the neons correspond-
ing to them are off,

In the nunerical circuits, the place ring is in stage 1 (and the
place ring necn numbered 9 on PX-10-302 is on), The +2, -2, +l1, and -1 receivers
are in the nornal state (and their corresponding necons are off).

6.2.,2, The Progrem Ring Circuit.

As soon as a program contrcl of the divider and square rooter is
stimulated, period I is initiated, The characteristics of period I as evidenced
in the divider and square rooter's program ring circuit are given in the follow-
ing paragraphs,

The pulse source flip-flop remains in the normal state so that a 11p

is gated thrbugh Fé to produce 2 1'P. and a CPP is gated through F4 to produce

1
a CP pulse every addition time, If the program control's divide-square root
and places switch is set at a divide setting and the round-off switch at round-
off or no round-off, then GP is gated through Ké or L6 respectively to produce
a divide pulse (DP); if the divide-squere root znd places switch is set at a
square rooct sefting and the r5und off switch at RO or NRQ, GP is gated through
K3 or L3 respectively to produce a square root pulse (SRP),

During period 1, also, the program ring flip-flop remains in the

normal state so that DP or SRP is gated through AlO or All respectively to cycle

the program ring 1 stage per addition time.
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In the third addition time of period I, the program ring is in stage 1,
A signal from this stage gates o &P through gates A7 and through B7 clearing the
program ring back to stage A and flipping the program ring into the abnormal
gtate at the end of addition time 3. This marks the termination of period I
for divisiun; period I for square rooting lasts one addition time longer., (See
Table 6-4 and Table 6-7).

During period II the pulse gource flip-flop remesins in the normal
state so that GP, 1'Py and either DP or SRP continue to be emitted 2t the end
of every addition time. Since the program ring fl;p-flop is in the abrormal
st.ate (and gates Al0 and All arc closed) neither DP nor SRP can cycle the program
ring, The progran ring, therefore, ¢mtinues to register stage A throughout
this period,

Period IT is torminated and period IIT initiated when an S pulse
(this is a pulse produced by the divider and square rooter when a shift sequence
is about to begin - see below) is gated through E6 as a result of the coincidence
of a signal from the stage of the plice ring corresponding to the places setting
of the divide-square root and places switch and a signal from this same switch.
The pulse produced in this way is designated on PX-10-30L4 by the symbol SS.

The SS pulse flips the pulse source flip~flop into the abnormal state.

During periud IIT, then, 1'P, and GP (and therefore either DP or SRP)
cease to be emitted, Instesd, a CPP is gated through F5 at the end of every
addition time to produce a pulse designated by III P. III P cycles the program
ring 1 stage per addition time during perind III. Also, if the round-off switch
has been set at RO, III P is gated through K4 or X5 (when the divider-square

root and places switch is set respectively at a squere-rooting or division point)
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t» produce a round off pulse (ROP) at the end of every addition time in period TIT,
Notice that ROP is emitted only if round off is to tazke plece.

Period III is terminated when the pragram ring has been cycled through
its 9 stoges. Peri.d IV is initicted when a CPP is gated through L50 to produce
an F pulse and thrzugh E3 to produce an F' pulse., The F' pulsc resets the pulse
source flip-flop into the normal state s> thut in period IV (es in periods I anc
1I) 1'P,, GP and SRP or DP are emittcd,

6.2,3. The Interlock and Clear Circuit,

The F pulse sets the interlock coincidence flip—flup. Then the next
CPP gated through J49 if the interlock switch is set at I and the interlock flip-.
flnp* has been set as a result of the reception :f an interlock input pulse is
gated through H50 (controlled by the interlock coinecidence flip=flop), The
signal gated through H50 resets the interlock enincidence flip-~flop and sets the
clear flip~-flop., The setting of thc c¢lear flip-flop results in the emission of
a reset signal for the transceiver and the emission of the CL and CL! pulsesf*
The CL and CL' pulscs are respsnsible for the eondition of the progran ring
cireuit, the placc ring, the numerstor ring, and the denominator flip-flop prior

t> the commencement of a divider and square rooter program (see Section 6,2.1),

# It is to be noted that the interlock flip-flop is insensitive to which of the
8 interlock input terminals has been pulsed, An interlock input pulse received
at any of the interlock input terminzls sets this flip-flop regardless of which
program control on the divider and squarc rooter has been stinmul:ted. This
flip~flop is also insensitive, in some respects, to the time of reception of
the interloek input pulse, An interlnsck input pulse received any time after
thea completion of one divider and square roster program (snd this may even be
befure the stimulatior of the next divider and squsre rovter program) scrves
to flip the interlock flip-flop for the'next divider =nd square rooter program,

#% The only distinction between CL and CL' is that CL! is taken off before buffor
48 and CL after the buffer,
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'6.2,4, The Overdraft and Si;m Indication Circuits,

The overdraft and sizn indicatian eircuits receive the information
upon which they operate (in the case of the overdraft circuit, the sign of the
contents of the numerator accumuletor and in the case of the sign indication
circuit, the sign of the dencminator) by means .f static leads from the numera-
tor and dencminator accumulstors! RM counters. The N~ and N* lines carry sign
signals if the contents of the numerator aceumulator are respectively negative
or positive, The D7 line delivers a signal to gatc Bl of the sign indication
circuits only if the denominator is negative,

The overdraft circuit consists of a numerztor (binary) ring whose
stages represent sign P and sign M and 4 gates {F1, F2, Gl, G2). Each of the
L, gates recelves one input from the numerator ring 2nd the other from either
the N' ow N~ line. The gates Fl, F2, Gl, G2 may be thought of as (M, N7),

(M, N*), (P, N°), and (P, N*) gates wherc the first symbol in a parenthesis
designates the stage of the numerator ring and the second the numerator sign
line to which the gate is connected,

The numerator ring clea;s to stage P at the end of a progran and, in
the midst of a program, can be cyeled only during period I <r at specific times
in periods IT and III, In pericd I, when the program ring is in stage B, & GP
is gated through D6, the resulting signal is gated through K1 to cyele the
numerator ring from stage P to M only if the numerstor is negative, During
pericd IT and III, the numerator ring can be cyecled only when Ll‘oﬁéns to pass
a CPP, Gate L1, however, is open only when the Sq rcceiver is set and this
receiver is sep ~nly after an overdruft has oceured,

Thus, the 4 gatcs reccive information ebout the current sign indiea-
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tion of the contents of the numerator accunulator over the static leads from
the numerator accumulator's PM circuit. The numerator ring, on the other hand,
registers the sign of the contents of the numerator accumulator before the
denominator is either subtracted from or added to the contents of the numerator
accumulator, The 4 gates in the overdraft cirecuit compare the current with the
past sign of the contents of the numerator accumulator, The coincidence of
signals to gate FL (M, N~) or G2 (P, N*) leads to the emission of an NO signal,
Similarly gate  F2 or Gl emits an O signal upon the coincidence »f signals on
both inputs,

As long as an NQ signal is emitted the basic operation sequence of
period IT is performed, When an O signal is emitted, the basic operation
sequence is interrupted either by a2 shift sequence cr by the initiation of
pericd ITI, The O and NO signals produce these results by inhibitory actions
sines no inverters intervene between the gates of the cverdraft circuit and the
gates to which O and NO are delivered, When NO is emitted, gate D12 is closed

and gate D1l passes a signal which gates a GP through D9. The resulting pulse

3
is designated by P. The P pulse, in period II, initiates the basic operation

sequencey and in period III, initiates the 5 subtractions or additions of the
denominator to the contents of the nunerator accumulator by setting the Ny re-

ceiver and either the Ds or DA receiver, In period III, moreover, when NO is

*The P pulse is produced in other ways when the sensing of cverdraft is ir-
relevent or unnecessary, At the end of period I in division, a signal from
stage 1 of the progran ring gates DP through B8 to produce 2 P pulsc., klso,
after shifting of the numerator zccumulator!s contents in period II, a signal
from the N'y receiver gates a GP through C9 to preduce a P pulse, In perioed III,
the P pulse is produced when a signal from stage B of the program ring gates an
ROP through C8.
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emitted, gate K12 passes a signal (emitted when a signal from stage 6 of thé
program ring opens gate J13 so that an ROP can pass) which motivates the cor-
rectipn of the answer in accordance with the state:of the divide flip-flop

(see Section 6,2.4). When the O signal is emitted, gates D1l and K12 are closed
and gate D12 passes a signal from the DY or Q, receiver which, in turn, gates

a CP through E9 to produce an S pulse. The S pulse motivates the shift sequence
of period II or, when gated through E6 to produce an SS pulse {see Section 6,2.2)
initiated period III,

The sign indication circuit is quite similar to the overdraft gircqit
in its components and functioning. This circuit consists of 4 gates (p1, D2,
El, E2) aud a flip-flop, the denominator flip-flop. Each gate is connected to
one of the 2 output leads from the denominator flip~flop and to either the P or
M stage of the numerator ring. The denominator flip-flop is in the normal state
when a program commences and can be flipped into the abnormal state to remember
the fact that the denominator is negative at only one specific time® in the
course of a divider and square rooter program, This one specific time is
addition time 2 of period I when gate D6, held open by a signal from stage B
of the program ring, passes a GP which can then pass through gate Bl to flip
the denominator flip~flop if %the contents of the denominator accumulator are
negative, Once flipped, the denominator flip-flop remains iﬁ the abnormal state
until reset by CL in pericd IV,

If the denominator is positive (and therefore the denominator flip-

flop 1s in the normal state) and the contents of the numerator accumulator

¥It is for this reason that the divider and square rooter is unable to find
the real coefficient of i when the radicand is negative,
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before a subtraction or addition of the denominator are positive or negative,
(so that the numerator ring registers P or M respectively), then gates El or
E2 respectively emits a like sign or unlike signal, Similarly, gates D2 and
D1 emit a like or unlike sign signal respectively, ‘

The like and unlike sign signals are alsoldelivered to gates without'
the intervention of inverters so that these signals, like the O and ﬁO signals,
produce their effeets by an inhibitory action,

The like sign signal c¢logses gate. Bll so that gate Bl10O passes a P
pulse (see Section 6.2.4) which sets the DS receiver, The unlike sign signal
closes gate B10 so that gate Bll passes a P pulse which sets the D; receiver:
The coincidence of like or unlike signh signal and 2 signal from the round--off
flip-flop also determines which receivers of the internal - external programming
circuits and of the mumerical circuits are set in period III (see Section 6,2,7).

6.2,5. The External - Internal Programming Circuits,

A program input pulse delivered to a program pulse input terminal of
the divider and square rooter immediately passes through the numerator and dé-
nominator accumulator switches whence it sets the Ny or Ny and D, or Dg
receivers, Thus, during addition time 1 of period I, the numerator and denom-
inator accumulators receive their arguments if this réception is controlled by
the divider and square rooterf At the end of addition time 1, a CPP resets
these receivers and they do not function again in any éubsequent period of the
program,

The Ny and D or Dg receivers function during period II and, if round-
off is specified, during period III, The P pulse (see Section 6,2.4) sets the

NV receiver at the same time that it sets the D, or Dj receiver (depending on

¥ The arguments may of course, be received prior to this if their reception is
controlled locally at the accumulators.,
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whether the unlike or likec sign signal is being emitted, During period II,
GP resets these receivers one addition time after they have been set, In
period III of round off programs, the Ny and DA or DS receivers remain set
throughou* addi“ion times 3, 4, 5, 6, and 7, At the end of addition time 7
an ROP gaved through D) by a signal from stage 5 of the program ring resets these
receivers., Thus, the denominator is subtracted from or added to the contents
of the numeratof_accumulatpr 5 times in round off programs,
During period II, when DP or SRP_is being emitted, the setting of the
Ny receivar leads, one addition time later, to the setting of the Qa (it pP)
receiver or the D, (if SRP) receiver, Simultaneous with the setting of the Q,
receiver, LP sets the +] receiver if the Dg receiver was previoualy set or the
-1 receiver if the D, receiver was previously set, Similarly, in square rooting
programs, the +2,or -2 receiver is set at the same time as the Qy receiver is,
During period III of round off programs, the setting of_the Dy or Q,
receiver does not result from the setting of the Ny receiver, but, instead,
takes place if a ROP is gated through K12 because NO is emitted, The ROP is
then routed to set either the DY or Q, receiver by means of gates controlled
by the round off flip-flop. This same ROP and other gates controlled by the
round -off flip~-flop effects the setting of the +2 or -1 receiver (if the DS
receiver was set during addition times 3-7) or the -2 or -1 receiver (if the
DA receiver was previously set),
During period II, the emission of an O signal leads to the emission
of an S pulse (see Section 6.2.4). The S pulse sets the S  and Nyc receivers,
A CPP gated through K7 as a result of the getting of the Sa receiver causes the )

getting of the S,c and N; receivers, Thus, in either division or square rooting,
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the shifting of the contents of the numerator accumulator one place to the
left is proﬁided for,

The S pulse also sets the D'y receiver and, gated through G9 or H9
by a signal from the +2 or -2 receiver respectively, sots the -1 or +1 receiver,
The D(y receiver and the 41 or -1 receiver remzin set for 2 addition times in
period II for square rooting. They are reset when a CPP is gated through Cl3
zfter the NO state of affairs is restored in the overdraft eireuit., Since the
D'7 and +1 or -1 receivers remain set for 2 addition times and, gince the plase
ring is not cycled until the second addition time (see Section 6,.3),stbe cor-
rection of twice the root as described in Section 6,0 (a change of one unit
first in one decade place and then in a decade place one further to the right)
takes place, It is to be noted that in period II for division, the D'y receiver
is set but that there is nothing for the denominator accumulator to receive at
the time since neither the +1 nor tle ~l1 receiver is set in division. DP resets
the D'y receiver in the division case one add.time after its setting,

At‘the beginning of period III, also, the S pulse sets the S; and NAC
receivers and one addition time later the SAC and le receivers are set. In
period III, the D'Y receiver is set and either the +1 or the -1 receiver is also
set in the case of a square rooting program, It is to be noted, however, that
III P resets the D'y receiver and the +l1 or -1 receiver one addition time after
their setting in period III so that twice the square root is corrected by only
one unit in the last answer place.

When the clear flip-flop is set (see Section 6,2,3), Gate 62 in the
transceiver emits a signal which has 3 effects: 1) passiﬂg_through the answepr

disposal switch, it sets the answer disposal receiver (1, 2, 3, 4) specified



Vi - 29

by the setting of this switch; 2) passing shrough the numerstor and denominator
accumulator clear switches, it allows the carry clear gate to pass through gate .
AL9 (iflohly the denominator accumulator is to be cleared), through gates A48

and B49 (if both the numerator and denominator accumulators are to be cleared),
or through gate B48 (if only the numerator accumulator is to be cleared); 3) it
gates a CPP through 68 to provide the transceiver's reset signal and a program
output pulse,

Thus clearing of the numerator and/or dencminator accumulators takes
place a little prior to the emission of a program output pulse and answer dis-
posal signal,

6,2.6, The Divide Flip-Flop.

The divide flip-flop is set or reset during period I of divider and
square rooter programs, In division programs DP flips this flip-flop into the
abnormal state (und turns on the eorresponding neon); in square rooting programs,
SRP resets this flip-flop if it was previously flipped into the abnormal state
in a division progranm,

The effects of this flip-flop on the divider and square rooter's
common programning circuits become zpparent in addition time 8 of period III
for round off programs when an ROP is gated through J13 by a signal from stage
6 of the program ring, If the signal from gate J13 is gated through K12 as a
result of the emission of the NO signal, then, in the division case, this signal
is gated through J10 to set the Q@ receiver and tﬁrough gate J8, The signal
from gate J8 is gated through G8 to set the +1 receiver or through gate H8 to
set the -1 receiver when the like or unlike slgn signal respectively is enitted,

Similarly, in the square rooting case, the Dy receiver is set by a signal gated
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. . : caiver and & JPF resvts the J_ recsiver,
2) 111 P B) Jyeles the rrosrem ring te stege 7. a
[ .
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: . TABLE 6.7 "
: ' ' SUARE ROOT FERIOD I . ;
i - !
i : . Requires four add, times: i-4 1
_‘,.a‘a'..;? . T T e - L T TR T EEE L S N - T
'Tine! |
{(and ' ' i
, @ L h
i Signal Effest | Coument
:Prog. - i ;
'Rl.ns . ; o
Stage) ;
! o 1) Progrm lnput pulue 1) 1) '
: &) Sets trmsoelwr in the divider amd '
(&) square rocter, '
i b) Sets N, or Hp receiver b) The mmerator 18 thon received by the
: n'ﬂﬂ'“ﬂf mumhtor M .
P I R o o ——— — - P - . ' e -fi
1 1) crp 1) Gated through . by a al.gu.l fraz the 1) This effect ccours in every lubloquorxt i
i ] pulse source flip-flop, produces a OF add, time of u square rooct program except !
(B) pulse, during period III,
2) oP 2) Gated through/13} or [K3] produces o SAP %) This offect ococurz in every subzequent
add. time of & 3quare root program except
during period III.
'3) SRP 3) 3)
a) Oated through [ATL by a signal from the
progrem ring flip-flop, cyoles the
. progzam ring to stage B, !
b) Resets the divide flip.flop if this b} This turns off the divide flip-flop neon.
flip-flop is in the abnormal itate, '
2 1) GP gated through DE by 1) Cated through[KX by the W= aignal cycles 1) The divider and squars rooter, howsver,
" a signal from atage the numerator ring to stege I if the does not find the resl coefficient of i
(1 of the ograc ring. rddicand is negative, eorreotly\ if the radicand 18 negative,
2) SRp 2) Gyclu the progran rl.ng to ltn;e 1.
3 1) SRP 1 - 1) )
. : %) Oated through [B]by s signal from stage 4 and b) THus, during sdd, time &, the .
(A) 1 of the progran ring, sets the Dy dencninator {twice the root) sccumulator i
reagaiver. receives )1 pulse in the 10° decads. j
. - At the end of add, time &, n CPP resets |
b) Outed through|07 by s signal froo stege the D, recalver and a OFF gated through :
1 of the program ring, aets the +1 as a result of the colneidence of the RO
recaiver, signal and a signel from thn Oy receiver,
resets the +1 recesiver,
2) '2) - :

2) ap
. " a) Oated through (A7) by = olgnal from stage !

i 1, clears the an wing to- atage A
© b) Gated through ﬁ‘?

I o 1 t'llpl the program r:.n; fup-ﬂop.

- e — [ -

by & sigal from stage | b) The prog-m »ing £lip-flop necn is turned

l

off’ at this th.
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TABLE &-8

SQUARE ROOT PERIOD II — BASIC SQUARE ECOT SEQUENGE

s+1 1) Jignel fro: the S
recelver.
{4)

2} See 1 e} of addition
time 5,

Requires two add, times) r+l, r+2

Gets the U'y receiver.
o) Cated through [09 by o signal from the
+2 receiver, sebs tlic -1 receivsr or
zated through [] by a signal from the
=2 pregeaiver, sets the +1 receiver,

d) If gated throur:[Zélas a result
coincilence of si;nals from the
8vite: nnl places ring produces

milse (see Table &9),

of the
places
en 53

1)
w) Gates 1'Py through |I4S| to prodmes 1'Pg
which eyciea the pluce ring one stage,

b! Getes a OIT through LY so that the

nurerdtor binury ring 1s cyeled 1 stege.

©) Gates u JPP through L7 so that the li'y
and S A0 receiverg arc sot,

2} The D'y and +1 or -1 roceiver remains
set,

b

)

1}

b)
)

and 2) Juring add. tiue m+l, tken, the de—

nainator acsumulator receives tlhc conple—
mont of 1 or receives 1 in & siven decode

place if during the previous sequence, the
deioninator accunuletor recelved +2 or -2

raspoctively in the swme decale pluca,

The D'y receiver unld the +1 or -1 receiver

reunin set khrough add, time 8432,
5 pulse inltictes pericd IlI,

R

(sac chart for perjod 1iI,

A8 a result O ceases to be emitted and ;G
is emitted instead,

Daring edd, Lige g+2, then, the numerator
ooocutulator receive: the conteunts of the
aliift acoumulator whichi¥ranamits cnd
oloarg., At the end of add., tine s:2, e
CFP resets the ii'y and S,; receivsrs,

2) Therefore, during add, time s+2, the deno-
minater ocecumulator receives +1 or the

conplouent of 1 but this tine one deccde

place further to the right then during

d

+1,

Add, tipe pel
At the F of pdd, tLw p+2, GF gated
through by & signal Crom the il*

receiver resets the D'y recclver and the +1

or -1 recelver,

I
Time ' Signal i Effaat Corment
| For ni=o, this add, time coinsides with add. tine 4 of period I. '
[ PFor nso, thl.s -dd tj.mn eoincid.u with ndd tine #+2 or r+2 of mlod II.
r | 1) P pulsa derived from - . 1) 1)
[-|+an| OGP gated through I8 = a) Sets the receiver, a and b} Thus, during add, time r+l, the
for ! a8 the result of the b) Gated throughiBld when the 1liks sigm nunerator ascumulator reseives the oomple-
nx0): coincidence of a sige : signal 1s emitted, sets the Dg receiver mont -of the denominator (whea ¥ and D
i nal from the Dy ' or gated through [BTJ when the unliim have like aigns) or receivas the denomi-~
(A) receiver and an NO sign eignal 1 emitted, ssts the Dy nator (khan K and D have unlike aigns).
signal ] recelver, Thego receivers are reset by OP at
or (P geted through [09' the spd of add, tipe r+l,
by a sigmal from the
W, receiver (after m
shIﬂ: sequeme).
r¢1 1) SRP 1) 1)
8) Gated through[LB]by & signal fram the . o end b) Thus, in add, time r+2, the denomi-
{4) Ry receiver sets the Dy receiver. netor accurulator receives two in = jiven
decude ploce of the couplenent of 2 if the
" b} Geted through TI7 ar H1g{respectively denaminator waz zreviously subtracted or
by e signal from the D3 or 3, receiver ;  added respesctively.
sets thne +2 or -2 receiver, The DY receiver and the +2 cnd -2
recalvers are reset by e CFP at the gnd of
add, tice r+2,
SQME ROQ'.I' -~ SHIFT SEQJUENCR
Foqulres two addition tinmes: s+l, B5+2
. 1
adds . Signel i Sffect Corment
Time !
Ii ¢ ___. '_tf. .e_gol.ccilcs with oite tlew rf;_eﬂ.i
s 1} 3 7ulse produced ween 1) 17
(=4+m a OF is pated through a) 3ats the 5, and I o receivers. a) im e result, the shift wecunulator receives
. Tor [Z5] as & result of tie } ; tie numerator frox tlie nuerutor setunue
nzl colnaidencs of an © ‘lator whieh trengsits wnd Slewrs curing
sicnel anl & sigmed whi, tine &1, it the end of o0, tive
(1) fron. the Dy receiver, s+l, n CPF resets these recelvers,



= ©

|

l
!1)

2)

1)
1)
1
1
1

1)

TABLE 8.9
SQUARE ROOT P:RIOD I1I . ROUND OFF OR Nb ROUND OFF
Reguires nine add. times: 1.9

Bignal l Effect

This wdd,

1)
a) Sets the S5, and H,g recsivers.

5 pulse produced when
a OP iz gated through !

as & result of the :
coincidence of an @ |
signal and & signel ;
fron the Qg roceiwer,

i

i b) Sets the D'y receiver.

c) Gated tkrough by & signal from the
+2 receiver, sots the «1 receiver or
gated through B9 by & signal fromsthe
=2 receiver sets the +1 receiver.

4}
incidence of siznmis from the >luces
switch and place ring produces an i

6 of the progran ring produces o eignal
which 1f gpted through [K12| by U0, passes
through (9| to set the Dy receiver and

pasass tl‘l’ﬂélm The aignal ﬁmﬁ

passes tirough E13 when the like aign is
emitted and sets the 42 recelver or
pasaas through @Jw}mn the unlike aign
signal is emitted and sets the -2
recelver,

Items relevant to the round off case only are circled

PERIOD f

| Coament

[J—
tine coincides with add. time ree of period II.

1)
' a) ad + then, the numerantor
: acounulator transnits (end cleara) itz
pontents to the shift accumulator.

A CPP rosets thesa sscumulators in

add, time J.
end ¢) Thus, during edd, time 1, the deno-
minator accupuletor receives the comple-
. nent of =1 or +1 in & given decade place
if in the previous squure root sequence,
+2 or its conplement respectively vms
received in that decade place.

it the epd of gdd, time 1, 111 F (see
below) resets the D'v and +1 or =1
receivers,

i b

Gated through E6 as a result of the co-

pulase,
53 3) Sets the pulse =ource flip.flop. i?.) At this time, the pulse source flip-flop
i» neon is turned off.
cPP 1) . ‘1)
a) Onted through (LY by a signal from the . a) So that O cesses to be enitted and O is
. 5 receiver cycles the nurerator binory, . emitted instend.
: rings .
©) Gated through [E7 by a 5ignal from the ' b) So thet t the nubsrator
54 receiver, sets the 5,; and U'y : acéuwnulator receives the.mumdraicr fron
receivers, the shift agcumulator which trensmits. and
: cleers. .b the ond or saa, viwe £, = wii
. : resets these receivers,
o) Gated byE‘.;’ croduces o III F. . ¢} This pulse is produced in every subsequent
. ald, tioe of period III, '
II1 ¥ 2 2}
o} Unted by X4 moduces an ROP pulse. a) ROP io producsed in every submsquent ald, '
. time of period ITI If round off iz =pecified,
b; Cycles the yrogran ring to stzge B, !
) Resets the D'y recelver and the +1 or [
=1 receiver, '
| - . —— i — B - - o fm o —
II1 7 : 1) Gyeles program ring to stoge 1 1)
ROP . 2) Gated through [C8) by a algnal from stags -2)
B of the program ring produces a F pulse,
b 3) tets Ny receiver and D, or D receiver 1) Those receivers reuain set dyri
1€ the unlike or like sign signal Baf.0.8,7. Thoy are reset at the gnd of
reapectively is enitted. 8dd, tize 7 (Bee below). Therefore, the
nwmerator nocunulator recelves eitier the
denominator or its ca:plement five times,
III P , 1) Cycles urograr ring to stage 2.
L e - - 1
III P 1) Cyeles program ring to stuge 3. |
111 P 1) Cycles progran ring to stage 4,
I P 1) Cyeclos progrum ring to stage 5,
ROP 1} Gated through Li‘:ﬂ by a signal from stupe
5 of this program ring resets the liy
and D, or D; receivera,
IIT ? 2} Cyeclec the mroprarn ring to stoge 6.
ROP 1) Guted through |J13: by a uignel from stage 1) Thus, if the subtroction or addition of 5

times the densminator whioh ocours durige
. does not produce an
overdraft, « the gquotient |
iz increcsed (when N and D have like aigna} -
or decreassd (when I and D have unlika
sigms) by 2 unite in the lest place at the
right as specified by the setting of the
pluces switgh,

At the $, 111 P resets
the +]1 or =1 receiver end a CPF resets the
Dy resetiver,’
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TABLE &-10
FERICD IV POR EITHER DIVISION OR SQUARE ROOT . INTERLOCE OR HO INTERLOCK PERIOD

Requires 2 add, times: 1, 2,
Itnl relavent to the lntorlook oase mly atw oirscled,

== :.,.,_":.. e “.—--_-r T SRR T i IR
i Time ) Frfect —-——--»——-l—--—-—---‘- cv---—‘*-, e =
S [This a1 'tm- ootneides with add. tiuheﬁ;; period IIT
' h A
. .00 | 1) orp | 3 1)
: a) Gated th.rou;h-hyunigmﬂ fran |
o stage 7,0f the program ring; produces
- an F pulee,
l b) Gated through E3)by a signal from
stage 7 or the progran ring producea
’ ; an I pulse,
' 2) P 2) Sets the interlock goingidenge rls.p-.nop. 2) This turns on the inberlock coincidence
- : flip-flop neon,
N " 3) Reseta the pulse source flip-flop. . 3) So that the pulse scurce flip-flop neen
' ‘ i 1s turned on egain. ‘ J
T e m s s e rm e _'-- ———— e — e —— P oo n Tt N 1’ - - : -
1 1) OFF " 1) tated maugp-proauou & GP. :
(1) These tiree pulses coutinue to be produced
" 2) op 2) Gated through X8 or [lg] produces o OP
or through K3 or 3l produces o SRP. every hilidy time of period IV but have no
3) 1P 3) Oated through g produces 1'P,. ‘ i\erreot on tha division or square rooting,
4) CrP ‘4) Gated through @ in the NI geae or : 4} The oleer f1lip-flop neon goes on at thia
: ' ted through [J45 1n the [case) produces |  time end the lnterlock toincidente £lip-
' a aignal which is gated through ES0 to £lop neon goes off, -
; set the clear flip-flop and to resst the '
interlock coincidenss l‘lin-rlop.
: — . e 1 ——
2 1) cep 1) Onted through [F8) by a signal fram the !
. olesr flip.flop, produces a CL' pilsa. !
\n , i
2) CL' 2) - : |
‘ a) [bated through 48 by a siznal from thw :
' interlocik awitch, resets the iaterloe: )
£11p-flop,
b} Cloars tne nrogram ring to stoge A,
a) After passing through mr.rr:é]
» becomes a CL pulse,
3) CL '3)

&) Resets the clear flip-flop.

b) Clears ths numerator binary ring to
: stags P.
i ©) Resets the denaminator flip-flop.
d) Cleors the pluce ring to stuge 1.
o) Resets the program #ing flip-flep.

£ 4) Signal resulting from  4)
. . the coincidence of the : o) Allows the carry olear zate to pass to
} : transceiver's being i the nwwerator and/or denominater accu—

L e —

S S, |

sot and the olear flip- nulator c¢lear ¢irguits if clearing ia
' flop's belng set.

spesified,

b) Gates a CFP throughl[eB] o provide a
reset siznal for the transceiver and a
Prograu output rulse,

@) Cates a CPP to set one of the four
answer disposal receivers,

" &) Thus, dur.'lng‘ the sdd. time following the
divider*s program output rulse, the
‘answer is disposed of in accordance with

At the end of add, time 3, the answer
disposal receirer is reset by a CFP.

*If the Interlock input pulse 1s not received until k additien times efter add. time 0 of period IV, thia
event and all events listed next to add, time 2 socur k addition times later than thet indicated in this table,

the setting of the enswer disposal switoh.




VI - 30

through J9 and either the +2 or -2 receiver on the coificidence of a signal from
gate J12 and either the like or unlike sign signal respectively,

6.2.7. vhroroicgical Deseription of the, Cemmoh Programming Circuits.

Tables 6-4, 6-5, ond 6~6 sumnirize the operation ef the common program-
ming circuits during pericds I, 11, and III rFespectively of & division program,
The corresponding summarics for the dquare réeting case are found {n tables
6-7, 6-8, 60, Table 6-10 summarizes the events of period IV for both square
rooting and division.

Below the title, each table carrics a statement indicating the number
of addit.ihn times required to complete the events of the peried, In some cases,
the events which oceur in the last sddition time of the period are listed in
the comment column beside the events of the next to the last addition time in-
stead of on a separate line (a.g, the events of addition time 4, peried 1 fgr
square reoting in table 6-7). This is done when the event described occurs,
net in the -commen programming circuits of the divider and square rooter, but
rather in an asscclated accumulator,

The overlapping of periods is also indicated on the tables, For
example, addition time 3 of pericd I fer division overlaps with addition time
d of period II for the first basic division sequetige, Thereafter, addition
time 4 mrlaps_ with the second addition time of the basi¢ division sequence or
with the second addition time of the shift sequence,

It is recommended that tables 6<4 threugh 6~10 be compared, at this
time, with the illustrative problems in tables é~2 and 6«3,

From the tables, it appears lmmediately that the exact number of
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addition times required to complete any given divisien program? is

14+2 (p-2) + 2 (number of additiens er subtractiens of the denominator)
and that the aumber of additien times fer any given squere reoting program is
15 + 2 (p - 2, + 2 \ruter of additions er subtractiens of the contents of the

cencninater accumulater)

where p is ths numbur of places specified by the setting of the divide-square
root. Since overdraft can never occur in division by zefp, division by zero
consumes an infinite number of additien times, If deneminator equal to zere is
a computational pessibility, the operater should precede divisien pregrams by

diserimination programs with the purpese of aveiding such divisions.
6.3. NUMERICAL CIRCUITS

The 10 stage place ring in the divider and square roocter serves te
reute the numerical data for the partial quetient er twice the square root
inte particular decade lines at partiecular times, The stages of this ring
numbered 10, 1, 2, ..., 9 on PX-10-304 cerrespend respectively to decades 10,
9, ese, 1 of an lécunulator. The plaee ring neens numbered 10, 9, ...) lon
PX-10-302 correspond respectively te stages 10, 1, 2, ..., 9 of the place ring.
Tt is to be neted that in period Il fer division or square reeting respectively,

21 or X 2 units are put into the 10®

decade place of the answer first. A digit
different from zeroc (or the cemplement of zero if the quotient is negative)
eccurs in the 109 decade place of the answer enly if the divider and square

recter puts in mere than 10 pulses before the first shift sequence ef peried II

¥:Provided that the divider and square rooter need net merk time walting for an
interleck input pulse,
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or, if 10 pulses are put in before the first shift, and carry over from the
aidi*ion ¢? ¢ne o1 4Ywo pulses at the end of round off cause carry over to the
10th desroe plise:  (he reon numbered 10 on PX-10-302 newer lights,

Yokl wnd «f 3 Jdivider and square rooter progrom this ring clears to
svagy 1, Dvring Lk cowmise of a program, the place ring can be cycled only
during pericd II -nd tan, only at the end of the first addition time (s + 1)
of e2nch shiit wejuence, The eyeling of this ring is accomplished by the l'P2
puiss wiielh ig procused when the 1'Py pulse (see Section 6,2.2.) is passed
turough L4% by =2 signal from the S; receiver,

While the place ring has been classified as one of the numerical
circuits, one of its functions is purely a programming function, Stages 3, 6,
7, 8, and 9 of the ring are connected respectively to gates €41, Bil, ALL, AL42,
and A43. The second inputs to these gates are connected respectively to points
4y, 7, 8, 9, and 10 of the divide-square root and places switch, Upon the coin-
cidence of a signal from the place ring and the divide-square root and places
switch, the appropriate gate emits a signal which allows an S puise to pass
through gate E6.. The resulting SS pulse terminates period II by flipping the
pulse source flip-flop int: the abnormal state,

The place ring carries out its numericzl funetions by its control of
the 2 sets of answer output gates (B through L42, and B through L43). One gate
from the group with No.‘hé and one from the group with No..LB'is connedted to
each stage of the place ring, The second input to thgse gates comes from a
line carrying digit pulses gated through the 1, 2, 2', 4, 9, and 1' pulse gates
by the setting of the +1, -1, +2, or -2 receiver,

The routing of digit pulses into the appropriate decades by the place
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ring can probably best be explained by means of numerical examples, Let us
assume that at some time in the course of a computation the place ring is in
stage 2 (this implies that one shift sequence has been completed thus far in

the computation) and that the +1 receiver is set at the end of some addition
time d+1 of period II., Then, in addition time d+2, gate L46 passes the 1P and
all of the other gates of this group are closed, This single pulse is deiivered
‘to all of the gates B through L42. Since the place ring is in stage 2, however,
the only open gate of this group is J42, Therefore, one puise is emitted in
decade place 8 (corresponding to the 107 decade of an accumulator) and no pulses
are emitted over any of the other leads of the answer output terminal,

Next, let us consider another case, Suppose that the place ring is in
stage 2 and that the -2 receiver is set at the end of some additign @ime r+l of
period II, Then in addition time r+2, 7 pulses formed from the 1, 2, and LP
passed through gates K47, J47, and H47 respectively are delivered to gates B
through L42, the 9P passed through gate G47 are delivered to the gates B through
L43 and to the PM lead of the answer output, and the L'P passed through BL6 is
delivered directly to the answer output lead for units decade. Since the ring
is in stage 2, gate J42 is the only open gate of the group B through L42 and
gate J43 is the only closed gate of the group B through L43. Thus, 7 pulses are
emitted over lead 8 of the answer output terminal and 9 pulses are emitted over
all of the other leads including the PM lead. In the first half of addition
time #+2, then, the denominator accumulator receives from the answer output
terminal of the divider and square rooter M 9 979 999 999. At the time of the
1'P during addition time r+2, the 1l'P passed through B46 is put into the units

decade place of the answer output so that by the end of addition time #+2, the
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denominator accumulator receives from the divider and square rooter
M 9 980 000 000 which is the complement of 2 in the 107 decade place,

It is to belpoted that in the divider and square rooter as in the high-
speed multiplier, standard transmitters have not been used in the answer output
circuit, Therefore, the numerical data for the answer must be delivered to the
quotient or d nordnator accumulator via either a digit tray.used for no cther
purpose or else by means of a speclal cable made for this purpose. No load box
is used on this digit tray.

6.4. INTERRELATION OF THE DIVIDER AND SQUARE ROOTER AND ITS ASSOCIATED
ACCUMULATOR

6.4,1. Interconnections for numerical data,

PX-10-307 shows the interconnections which must be made among the
accumulators associated with the divider and square rooter to carry out division
or square rooting programs when arguments of 10 or fewer places are involved,
Divisions invelving arguments with from 10 t® 20 plzces may be handled by inter-
comnecting accumulators 3 and 4 (for 20 digit numerators) and accumulators 5
and 6 {for 20 digit denomiﬁators). In this éaae snother digit tray is used to
connect the add output terminal of the right hand numerator accumulator to the
a input terminal of the right hand shift accumulator and a sccond additional
tray to connect the add output terminal of the right hand shift accumulator to
the y input terminal of the right hand numerator accumulator, If the denomina-
tor has more than 10 digits, the add and subtract output terminals of the right
hand denominator accumulator are also connected into the latter tfaye

It is to be noted that no mention has been made of interconnecting a

pair of accumulators to accumulate quotients or two<roots having between 10
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and 20 places, The reason for this emission is th#t the divider and square
rooter is incapable of finding such answers in one operation because the place
ring has but 10 stages and the answer output terminal but 11 leads (and a ground).
Quotients with between 10 and 19 plages can be found by performing
2 division programs serially. With the divide-square root and places switch
of the program control used for the first division set at 10, 9 or 10 places
(depending on the felative placement of the numerator and denominator in the
argument accumulators - see Section 6,4,3) of the answer are found, The round
off switch of the first program control should be set to NRO and the arggTent
accumulator clear switches to O, When the first division program is completed,
the quotient as thus far obtained is then transmitted from (and cleared out of)
the quotient accumulator to the left hand accumulator of a pair external to the
divider and square rooter system., The left hand accumulator of this pair should
be stimuleted to receive this quotient through some input chennel, say a. Then
the a input terminal of the right hand accumulator should not be connected to
the same tray as the A output terminuil of the quotient accumulator. Bpeause
of the setting of the round off and argument clear switches, the divider and
square rooter can then proceed on its second program, the division of the re-
mainder from the numerator by the denominztor, The quotient obtained in this
way contributes 9 more plgces of the answer. The number stored in the 108 decade
place of the quotient accumulator after the second division belongs in the 109
decade place of the right hand accumulator and the number stored in the 109
decade place of the cuotient accumulator belongs in the units decade place of
the left hand accumulator, If the numerator and denominator before the first

division program have like signs, the remainder from the numerator after the




VI - 36

first program and the denominator have unlike signs so that the quotient obtained
by the second division program is necessarily negative, Therefore the second
quotient must be trensmitted to the pair of interconnected accumulators with its
sign indication, The second quotient may be properly received in the pair of
accumulators if these accumulators receive the second quotient from the qubtient
accumulator through an input channel different from the one used for receiving
the first quoticnt, say the p input channel and the p input terminals of both the
left and right hand accumulators should be connected to the tray to which the A
output terminal of the quotient accumulator is connected. Speeial adaptors and
shifters must then be used at the B input terminals of the right and left hand
accumulators, The right hand accumulator's g input terminal should have plugged
into it a shifter which shifts the data one place to the left, The left hand
accumulator's B input terminal should have an adaptor which connects the left

hand accumulator's PM input and 107, 108

s essy 10' decade place input leads
to the PM line of the digit tray and which conﬁects the 10° decade place input
lead to the 109 decade place line of the digit trajf

If 9 or 10 decade pléces of twice the root are found by & given square

rooting program, it is possible to find about as many places agsin of the root

#If it is known that the numerator and denominator for all division programs will
always have like sign and if the first division program is stopped after 9 places
instead of 10, then the dcnominator and the remzinder from the numerator again
have like sign so that the quotient obtained from the second division is
positive, Under such circumstances the second quotient should be so shifted that
information from the 108 and 109 decade leads of the quotient accumulator add
output is received in the units and tens decade places of the left hand accumu-
lator and the other digits of the second quotient are received in the right hand
accumulator shifted over two places to the left. The connectiong of the P lead
of the output of the quotient accumulator to the FM and 107 - 10° decade pl=sce
lends of the input to the left hand accumulator may obvieusly be omitted,
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(notice, not twice the root) by dividing the remainder from the radicand by

twice the root as thus far found., The procedure for obtaining the final

answer in a pair of interconnected accumulators externzl to the divider and
squire rooter system of accumulators is similar to that for the case discussed
skove for division, However, if it is desired to accumulate the root in the

pair of interconnected accumulators, twice the root {resulting from the first
progran) should be multiplied by 0,5 before its recoption in the left hand
accumulator or, if it is desired to accumulate twice the root in the final
accunulator, the Quotient (resulting from the second program) should be
multiplied by two before its reception by the pair of interconnected accumulators.

6,4.,2, Interconnections for Programming Instructions,

P%-10-307 shows the interconnections which must be established between
the divider and squarc rooter and its zssociated accumulators for the purpose
of communicating programming instructions, For information about the wiring of
the various program terminals on the divider and square rooter sce PX-lO—iOB,
and for the wiring of the accumulsator interconnector terminzls which receive
signals from the divider and square rooter progran terminals see PX-5-105.
On PX-10-108, SU, refers to the quotient accumulztor and shift accunulator
progran terminal, SU3 to the denominator-square root accumul:tor program terminal,
and SV to the numerator accunulotor interconnector terminal., STl and SUl on
PX-5-105 refer to the accumulator interconnector terminals designated by ILl’
and IL2 respectively on PX-5-301,

The numerator accurulator interconnector tcrminal o the divider and
square rooter is connected directly to the left hand interconacctor terminals

on the numerator accunulator by means of the numerator accumulutor interconnector
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cable shown on PX-5-132. The correspondence of the points a and B on the
numerator accumulator switch and the a and B input channel receive circuits in
the numerator accumulator is established by the wiring of the plugs of this
cable,

Adaptors which will be discussed further below are plugged from the
denominator-square root accumulztor program terminal and from the guoticnt and
chift sccumulstor program terminal to two different digit trsys., The denomina-
Lor square root accumulator interconnector cable shown on PX-5-136 parries
prosramming instructions to the denominator-square root eccumiletor's left hand
intarermnector terminals from the tray connected through an adspter to the divide-
caquare root aceurnulator program termihal on the divider, The quotient rcewula-
tcr interconnector cable shown on PX«5-134 and the shift accumulstor inter-
ecnnector cable shown on FX-5-135 carry instructions to the quotient and shift
aconmnlators! left hand intorconnector terminals respeetively from the digit
tray connected through an adaptor to Fhe quotiant and shif£ accumulstor program
terminal on the divider and square rooter,

The adaptors referred to in the preceding paragraph are shown o
PX-4-114 A, B, and C, Tﬁese adaptors muy be used interchangezbly at either
the denominator-square root accumulator program terminal or st the quotient
and shift accumulator program terminal., Leads 1-7 on the plug and socket of
all the adaptors arc wired in the same way; but, to provide flexibility in the
meanings nesigneC o the points 1, 2, 3, and 4 on the answer disprsal switch,

. . * . i aen
some or ail) uf ieads 8. 9 10, and 11 on the plug ar wired in diff.reat weys

— — ey — —— v —— - e —

#Lencs € and 20 on "“he gu.ticnt and shift accumulatg?-p:ugrun.tcrminJJ corrrlate
with noints 1 aind 2 of the answer disposal switch, anc lcade & =nd L0 on the
deaominetor-sgiare root accumulstor program terminal correlatc with peints 3 and
4 of the answer disposal switech, Leads 9 and 11 on bothrgngnnm'tamﬁnakaaﬂeﬂssaﬁr
ated respectively with 8 and 10 for answer disposal instructions which involve
clearing,
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to leads on the sockets of the various adaptors,

When used with the standard quotient accumulator interconnector eable
(PX=5-134) or denominator square root accumulator interconnector cable (PX=5-136)
the adaptors referred to provide the following answer disposal options:

{transmit additively without clearing

PX-4-114A , transmit additively with clearing
{transmit additively
PX~4-114B transmit subtractively
transmit additively with clearing
PX-#-114C transmit subtractively with clirrirg

Te iiluetrete the way in which these adaptors function‘let us ~onsider a cace
in vbhizh .daptor. PX-4-114A is plugged into the quotient accumulator anl shifs
accurulstor program terminal and adaptor PX-4-114C into the dencminaicr-square
root ancumulator program terminal, Then the points on the answer disposal
awitch have the follcwing meanings:

1 - trensnit th? quotient additively without clearing

% = trinsrdt the quetient additively with clearing
% - transmit twice the root additively with clearing
L4 - trensmit twice the root subtractively with clearing

For computations in which other answer disposal option combinations than those
provided by the 3 adaptcrs described above are needed, additional adaptors can
be custom made,

6.4 .34 R2iatuonship between Alignment of the arguments nnd the Answaw.

“ha conrater vant exercise considerable cave. ii the placemart of the
argurenls in ibhe 2eyrnt acunuiators for divisi st > sguarc rroving programs

in n1der to meke thv. most eflficient use of ike Aivicer and scumce rovien.
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From the fact that the divider and 'square rooter place ring allows
one unit to pass to the 1.08 decade .:f the two root accumulator at the beginning
of a square rooting program, it is obvious that the divider and square rocter
proceeds on the assumption that the decimal point of the radicand oeccurs an
even number_of places {either right or left) from the PM place of the numerator
accumulator, The operator therefore, nust aligh the radicand in the numerator
accumulator so that ¥HE DECIMAL POINT OF THE RADiCAND OCCURS AN EVEN NULBER OF
PLACES TO THE RIGHT OR LEFT OF THE NUMERATOR ACCUMULATOR'S PM POSITION.

A comparison between the square rooting example in Table 6-3 and the
examples in Tables 6-11 and 6-12 also points to another consideraticn concerning
the placemént of the radicand.. Examples A and B show radicands placed so that
the correct answer will be obtained, Example C shows a radicand placed in such
a way that the divider and square rooter cannot possibly obtain the correct
angwer, The examples in Tables 6-11 and 6-12 have all been carried through the _.
£first addition time of the first shift sequence since the reason for the impos-
sibility of -example C shows up at that time, In examples a and B (and also in
table 6-3) when the remainder from the radicand is shifted the 9 at the extreme
left is thrown away, This 9 (preceded by sign M) is not a significant figure
since it is merely the complement of a non-significant zero at the left, In
example C, however, the figure 8 at the far left of the remainder from the
radicand is threwn away when shifting takes place. This figure (preceded by
sign M), the complement of the digit 1, is a significant figure, Therefore,
when the basic¢ square rooting sequence is resumed after the completion of the
shift sequence,,it will be resumed with an incorrect remainder from the radicand,

A significant figure of the remainder from the radicand will be thrown away in
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the first shift sequence whenever the first two decade places at the extreme
left of the radicand accumulator are occupied by the numbsr 25 or any greater
nunber, Therefore, in general, AT LEAST ONE ZERO SHOULD PRECEDE THE FIRST NON
ZERO DIGIT (at the extreme left) OF THE RADICAND,

If the radicand's decimal point ocecurs n (positive to the right;

negative to the left) decade places from the PM, the decimzl point of twice

the root occurs % 4 } places from the PM. For example, in the computstion

of table 6-3, if the decimal point is considered to occur between the digite 1
and 3 of the radicand, then n is 4 and the decimal point of twice the root oeccurs
3 places to the left of the PM or sfter the digit 8. The rule given above may
be derived from considerations arising out of the material in Table 6-1,

From the faet that the divider emits +1 or -1 unit in the 1.08

decade
for every repetition of the basic division sequence until the first shift
sequence of period I, it can be seen that if the first non-zero digit at the
left of the denominator occupies the same decade place of the denominator accu~
mulator as the second (from the left) non-zero digit of the numerator does in
the numerator accumulater, then the first (from the left) non-zero digit of

the quotient necupies either the first of seccnd decade place to the left of

the PM in the quotient accumulzator (see Sectien 6,3), If the.standard alignment
of the denominotor is defined to mean the alignment in which tﬁe first non-zero
digit of the denominator occurs one decade place further to the right than does

the first non-zero numerator digit, then shifting the denominator k places to

the left or right of the standard alignment, results in shifting the alignment

of the quotient k places to the right or left respectively of the position

described above, Since with the standard alignment of the denominator, the
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. first (from the left). non-zero digit of the quotient may occupy the extreme laft
| decade of the quotient accumulator, it f£11lows immediately that THE FIRST (from
the LEFT) MON-ZERO DENOMINATOR DIGIT MUST NEVER OCCUR IN . DEC.DE PLACE TWO
OR MORE TO THE RIGHT OF THE DECADE PL.CE OF THE FIRST (from the LEFT) NON-ZERO
. DIGIT OF THE NUERLATOR or else the quoticnt may exeecd the capaeity of the
quotient accurmlator,
Annther restriction on the placement of the denominator is that THE
FIRST (from the LEFT) NON-ZERO DENOMIMN.TOR DIGIT MUST NOT OCCUPY THE
F-R LEFT DEC.DE PL.CE OF THE DENQGMIN.TCR .CCUMUL.TCR. The reason for thig
restriction is sinilar to the reascn frir not placing the first non-zero radieand
digit in-the extreme left hand decade plzce of the numerator accwnulat-ar; (see
Table 6-12), If this rule is violated, a significant figure of the remainder

from the numerator may be disearded when the first shift sequence of period II

. oecurs,

respectively oceur n, d, and § places from the P place (where n, d, and g arc

If the deeimal points of the numerator, denominator, and quotient

positive when eountcd toward tho right from the PM place), then § may be pre~
dicted by the following formula:
gq=n-d+2

The following tobulation based on the example in table 6-2 illustrates this rule,

Numerator n Dencminator ' d Guotient : q
. P 0 209.070 000 4L [ P O 2.30 00G 000 2 | PO 091.00CG000. 3 §
P 0,209 070 000 1 {P0O23,0000000 3 : P.O 091 000 000 0
. P 0,209 070 000 1 | P 0 239, 000 000 4 |(P,0 091 000 OOO)xlO-:l -1
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6.5. ILLUSTRATIVE PROBLEM SET-UP

Table 6-~13 contsains instructions for setting up the units of the ENIAC
to carry out a computation illustrating typical situations which arise when the
divider and square rooter is used, .The symbols used in this table with reference
Lo accumulators and the high-speed multiplier have been previously taken up in
chapters II and V, The master programuer is used in this set-up to route a
program pulse received by it over a given program line (1-2) into 3 different
program lines (2-4, 2-5, and 2-6) on 3 different occasions, For details con-
cerning this use of the master programer see Chapter X. The instructions to
the mcster programmer appear in the double column immediately after the addition
time column of Table 6-13, The first hzlf of the double column shows the input
terminal to which the program pulse from line 1-2 is delivered, The second half
of the column designates the program output terminal (4,0, hy0, or Aao) through
which the master programmer delivers the program output pulse and the program line
to which the progrum pulse cutput terminal is connected (2-4, 2-5, or 2-6).

The set~up table instructions given to the divider and square rooter
oecupy 5 levelé. These instructions appear in the following order:

1) on the first level, i-j represents the program input pulse

and (E) the program_control number
2) on the seeond level,
the first pair of symbols represents the numerator accumulator re-
celve and clear switch settings,
the second pair «f symbols represents the denominator acecumulator

receive and clear switch settings,




3)

4)

5)

VI - 44

the last symbol represents the answer disposal switch setting (1, 2,
3, 4, or 0}, The code for 1-4, which depends on the adaptor used, is

given at the head of the divider and square rooter column,

- on the third level,

the first pair of symbols represents the setting of the divide-~

square roct and places switch,

the next symbol represents the round off switch setting,

on the fourth level the setting of the interlock switch (I or NI) is
given, In interlock pregrams the program line from which the inter-
lock pulse is received is noted in a parenthesis next to the symbol I. .
on the fifth level, which is written on the line for the addition
time® which represents the last one of the program, the program out-
put pulse is written,

For example, the group of symbols shown at the left below describes the

following instructions:

1 Divider :
Add.- 41 =AC 3 =AC In addition time I-5 a program pulse
Time 12 =8C L =8C
I-5 | 1-1 ) from line 1-1 stimulates control 5 to
| al 00 &
R8 ( RO : carry out a square rooting program to
I (2-6)
i 8 places with round off. The radi-
j cand is received via the a input
End of L
div. program 1-3 channel of the numerator accumulator
II1 -1
— and the numerator accumulator is

¥The practice adopted here with regard to counting addition times is to identify
addition times by a roman numeral and arabic numeral, A new roman numeral is
used when a division program is completed and addition times are then counted
frem arabic numeral 1 again,
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cleared at the end of the program. The interlock pulse is received from
progrsm line 2.6, At the end of the preogram a program ou*put pulse is emitted
over 3ine L--3, Twice the square root ig disposed of subtractively from the
denominator ancumulatcr which is then cleared,

Tie conventicons used with regzrd to the divider and square rooter in
set-up Jiagrams are expleined in Figdre 6-1 and those relating to the muster
programier in Figure 10-1 of Chapter X.

The computation deseribed in Table 6-13 eonsists of forming X where

3 3
\J-a oo
p— 0 =L -+ -(_‘.L

It is assumed that the quantities a, 2b, ¢, d, X, X5, &nd %3 have been formed

before this computation hegins and they are stored in the units indicated in

the table on the line corresponding to addition time zero, The ranges of these
quantities nre indicated on the table and the fact that a quantity's decimal
point occurs n decade places from the PM is symbolized by [ﬁ] where n is positive
when counted toward the right,

The computation of Ya begins in addition time I-l and the computation
of :{: x? proceeds in parallel with this, Only two program controls on the
high-speed multiplier are devoted to the 6 multiplications invelved in forming
jz: x5 3 . To do this, however, 3 stoges of master programmer stepper A (see
Chapter X) and 3 dummy programs (set up on program controls 5, 6, and 7 of
accumulator 9) are used, While approximately the same amount of equipment is

required as would be the cuse if 6 multiplier programs were uscd, this procedure

may be desirable in computations where so many multiplications are performed
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that multiplier program controls are at a premium,

Program control (ﬁ} of the high speed multiplier is used for the
computztion of xis. One addition time before this control is stimulated, how-
ever, the accumulator which stores the pazrticular X needed is stimulated to
transmit twice to the ier and icand accumulator, Since the high-speed multi-
plier is stimulated in time for only the second transmission, the ier and icand
accumulators receive not 2x%; but only X, .

xiB is formed immediately after x12 through the use of high-speed multi-
plier program control (Egj. The number x; remzins in the ier accumulator from
the previous multiplication and.xi2 is received in the icand accumulator from
the final product accumulator. When this multiplication is completed, 2xi3 is
transferred te accumulator 12, The multiplier is made to stimulate the disposal
of twice the product stored in the product accumulator by setting the product
disposal switch at SC and connccting the SC output terminal on pancl 3 of the
multiﬁlier to a program control on occumulctor 13 which is instructed to trans-
mit two times additively with clearing,

The master progremmer in this problem serves to pick out the argument
which is to be used whenever multiplier progrom control (5) is to operate and
indirectly stimulates the performznce or non-performance of the program set-up
on multiplier control.(Eﬁ. The former action occurs because the master program-
mer's output pulse is delivered to a program control on the appropriate accumu—

latory the latter effect occurs because the master progranmer's output pulse

is delivered to dummy program controls whose output pulses, in turn, are
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delivered to program control @as long as this multiplication program is to
be repeated, Aafter thc:: third sequence ..f two multiplications has been performed,
the output of the master programmer is delivered to the interlock pulse input
terminal of the divider and square rooter to inform this unit that 2 Z :v:i3
has been formed and that the division of 2 Va + 2in3 by 2b can take place
whenever the divider and sqi:.are rooter has completed the formation of 2 Ya. .
When the divider and square rocter has completed the computation of
2YT the result is transmitted (during addition time II-1) to aceumulator 12
which hes been storing 2in3 e« In the next addition time, the divider and
square roster commences the division program (set up on program centrol @
and the high speecd multiplier begins the multiplication of ¢ x d (set up on
pregram control @) . When the multiplication program is completed, ¢ x d

3
is transferred to accumulator 12 which also receives L% bz Xl when the

division progran is completed, Thus, by the end of addition time III-1,
accunmulstsr 12 stores ¥ and enits a pregram pulse (carried on line 1-7) which

ca2n be used to stimulute the next computation sequence if any.

.
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VII FUNCTION TABLE

The ENIAC contains three function table units each of which can be
used to store values of one or more functions tabulhted against an independent '
variable and can be programmed to look up and transmit the values so stored.
The function table is useful not only for storing and selecting walues of a
function (as the term is ordinarily defined) but also makes it possible to
sfore and have readiiy available any numerical data which can be tagged with
two digit numbers increasing monotonically between O and 99, Thus, a function
table could be used to store the coefficients and constant terms of a system
of simultaneous equations or programmstic information., The function table
requires P+, addition times to look up the value of a function and transmit it
repetitively r times, '

The following pages will be concerned with: program cOntrolsJ(7.l)
common programming circuits (7.2); numerical circuits (7.3); storage of pro-
gramming informati;n in the function table f7.4); and illustrative

problem set-ups ¢7.5). Reference will be made to the following diagrams:

Function Table Block Disgrem PX=7=30C4,
Function Table Front View PX-7-305
Function Tabtle Front Panels PX-7-302, 303

7.0. GENERAL SUMMARY OF THE FUNCTION TABLE

The function table can store 104 entries of one or more functions
with each entry associated with an zrgument between -2 and 101, By &n entry

is meant 12 digits any one or a1l of which may very from entry to entry and
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two signs, either variable or constant, In addition, 8 digits, constant
throughout the range of the table, may be sef up manually on switches.

If a is the argument (where o cag 99) and f (2) is the information
stored in the function table line corresponding to value 2 of the argument,
the function table can be programmed to look up f(a-2), f(z=1), £(2), f(a+l),
f(a+2), or the complement of any of the preceding and, furthermore, can ba'
progrzmmed to transmit the number looked up repetitively from one to nine
times, Four addition times are required for looking up the value of a function
and one more addition time is needed for each transmission of the functional
value,

The function table can also exert some program control on the accumu-
lator used to store the argument since it is capable of transmitting a program
pulse to stimulate the argument accumulator to transmit the argument to the
function table and then either to elear or not clesr., In addition, the
function table is capable of receiving a pulse which will stimulate it to
carry out the operations noted above and then, of tronsmitting a program
cutput pulse,

The physicel appearance of the function table can be seen on
PX-7-305, The function table has the two panels shown here &nd in additien,

a pdrtable function table (swe ENIAC Floor Layout, PX~1-302) which extends into
the center of the floor, As its name implics, the portable function

table can be moved around and, any of the tables (A, B, C on PX-1-302) can

be used with any one of the function tables, The portzble function table wil;'

be discussed in greater detail in Sec. 7.3.
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In its components and method .of operation the function table is

very much like the high-speed multiplier, The numerical circuits consist

of a portable function table (analogous to the multiplication tables), argu-
ment counters, argument input gates (analogous to the ier selector gates),

table output gates (analogous to the coding gates in the high-speed multiplier),
and the 1, 2, 2', 4, and 9P gates, »

There is a difference, however, between the highespeed multiplier
and the function table in the way in which the argument is fed to the function
table, Here, the argument is delivered in pulse form (rather than in the form
of static outputs) to the function table where it is set up in the argument
counters (a decade ring counter for units place with carry-over to the 1l stage
counter used for tens place of the argument), The argument input gates are
then set up by the static outputs of the argument counters in the funection
table,

The function table's numerical circuits also include 8 constant
digit switches which have a purpose similar to that of the ‘table output
gates except that the former are used only for digits which remain the same
throughout the table., A sign which remains constant over the whole table can
be set up on one of the two master PMl switches. The subtract pulse switches
make it possible to transmit the 1'P over the leads for certein places when
the function table transmits subtractively so that complements with respect
to 10 can be emitted.

The common programming circuits of the function table consist of
a 13 stage program ring ahalagous to the program ring in the high-speed malti-

plier, the argument correct gates (F-Li4) which make it possible to look up



VII - 4

f(a-2), f(a-1), f(a), f£(a+l), f(a+2), the add and subtract gates and the
flip-flops (C and D 46, 47) they control which make it possible for either
the function or its complement to be looked up, and the argument flip-flop
which controls the setting up of tens place of the argument in the argument
selectors, There are also eircuits for clearing the program ring and the
argument counters, and for resetting flip-flops. The C and NC transmitters
and their output terminals on front panel 1 which can deliver a pulse to the
argument accumulators to stimulzste transmission of the argument may also be
counted amonfg the common programming circuits,

The programming circuits mentioned above can be operated by any one

of the function table's eleven program controls. Each program control includes

a transceiver with program pulse input and output terminals on front panel 1
correlated with an operation switch, an argument clear switch, and a repeat
switch,
The r+4 addition times required for the looking up of a function
and its repetitive transmission r times cre spent in the following way:
0 Program input pulse is received
1 Function table emits C or NC program output pulse to
stimulste transmission of argument,
2 Function toble receives digit pulses for the argument,
3 Argument stored in the argument counters of the function table
is corrected to the value specified on the operation switch
L Appropriate line of the portable function table is activated,

& Functionzl value is transmitted for the first time,

e
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Lr Funetional value is transmitted for the rU! time and
a program output pulse is emitted after the r'P transs

mission,
7.1. PROGRAM CONTROLS

A pulse recsived at one of the 11 program input terminals of the
function table stimulates the function table to carry out the progrim set up
on the program switches of the control of which thet input terminel is & part,
Each progrom control offers the operator options os to:

1) which of five (lines" of the table is to be entered for a given

value of the srgument,

2) whether the entry tabulated on th: specified line or its

complement is to be looked up and trznsmitted,

3) whether or not trensmission of the argument to the function table

is to be stimulated by the function table,

L) the number of times {from 1 to 9) in succession the function

table is to transmit the value looked up..

The function table follows the program instructions set-up on the
control in a fashion similar to that discussed previously (sec accumulator and
high-speed multiplier, for examplc). A pulse received at an input torminal
flips the flip-flop of the transceiver into the abnormal state. As a result,
signals from the transceiver: (indirectly through inverters end/or buffers)

pass through the program switches and then procead to cause the common program-
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ming circuits (see Sec, 7.2.) to opcrate appropriately, As in units previously
discussed, also, the reset signal for the transceiver's flip-flop comes from the
unit!s program ring and passes through the repeat switch of the control. After
the function has been transmitted the number of times indicated by the setting

of the repeat switch, the flip-flop is reset and a program output pulse is trans-
mitted.

It is to be noted thzt the program output pulse is emitted after the
function is transmitted. Therefore, the output pulse cannot be used to stima-
late an accumulator to receive the function, but a pulse from some other source
must be provided for this purpose four addition times after a function table
transceiver is stimulated,

Program neons on front panel 1 (see PX-7-305) each correlated with
a prégram control enable the observer to see which program control has been
stimulated at a given time and, hence, which program should be in operation,

7,1.1., The Operation Switch

The operation switch has ten possible positions. The five left hand
(add) positions are used when it is desired to transmit the value tabydated on
a certain line; the five right hand (subtract) positions specify transmission
of the complement, If a is the argument received in the function table (where
o ¢ag 99), the setting -é, -1, ..., or 2 respectively specifies that line
a-2, a=1, ..., of a+2 of the portable function table is to be entered.

The function table is especially well adapted to intgrpolation by
means of algebraic interpolation polynqmials of degree 1, 2, 3, or 4 since,

by setting up several program comtrols, the operator can readily produce func-

tional values for values of the s2rgument surrouﬁding the one for which the
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interpolation is being carried out, Interpolation of degree higher than the
fourth can slso be done, Howesver, in order to obtain several of the entries
required for such higher degree interpolation, the zrgument must be changed
before its transmission to the function table, For example, to interpolate
by means of the Newton Gregory forwerd interpolation formul:s out to sixth
differences requires f(a), f(a+l}, ..., f(a+6). The entries f(a), f(a+l),
f(a+2) can be obtained in succession by using three program controls with
operation switches set at 0, 1, 2, end by feeding 2 to the function table,
The remeining entries may be produced by forming 2! = a+§ in the r~ccunulator
in which the argument is stored and then using program controls set-up to
produce f(a'-2), f(a'-1), .,., f(at+l),

7.1.2. Argument Clear Switeh

The argument clear switch can be set at C, NC, or O, If, on a given
program control, the switch is set at C or NC, at the end of the first addition
time, a program output pulse is transmitted f?om.the correspondingly labelled
terminal on front panel 1 (see PX-7-302). If, the argument clear switch is
get at 0, no pulse is transmitted from either the C or NC program pulse out-
put terminals,

The operator can utilize the C or NC pulse to stimulate transmission
of the srgument to the function teble by connecting the C and NC terminals to
suitably set up program controls on the argument accumulator or accurmlators,
If the srgument for s given function table is always stored in one accumulator,
the C terminal cen be connected to a program control on the srgument accumu-
lator set up for transmission with clearing and the NC terminal, to a progran

control set-up for transmission without clearing, If, on the other hand, the
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argunent for a given function table is stored sometimes in one accumulator and
sometimes in another, the operator may find it convenient to use the C pulse
tc stimulate transmission of the argument from cne accumuletor and the NC
pulse to stimulate transmission from the other srgument accumulator,

When the argunent clear switch is set at O, the operator rmst pro-
vide, independently, fuf & program.pulse to stimulate the transmission of the
argument to the function table (unless the argunent is to be zero). Such a
pulse rust be delivered to the argument zccurmulator one addition time after
the program pulse which stimulates the funetion table program control since
the argument must be received in the function table during the second addition
time of a progran,

7-1.3. The Repeat Squh

The purpose and use of the funetion téble repeat switch is the same
as that of the accumulztor- repcat switch., It enables the operator to secure,
on any given program, repetitive transmission of the function looked up r
times (where 1 & r ¢ 9) and causes a program output pulse to be transmitted
when the last repetition has been sccomplished, r+4 addition times after the

reception of a program input pulse,
7.2. CCMiON PROGRHMING CIRCUITS

The device used to clock the advance of the function table through
the scquence of suboperations involved in looking up and transmitting a func-
tional vslue is the program ring counter (usually abbreviated us the program

ring). This is a thirtecn stage counter with the first staze labelled -3
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(see PX-7-304) and the last 9, The program ring neons (shown on PX-7-305)
are correlated with the 13 stages of the program ring,

The program ring clears to stage =3 when initial c¢clearinpg takes
place and whenever a function tzble program is completed, The reception of
a program pulse by any transceiver results in opening a gate (D, E, or F49)
which allows the ring to receive a CPP exch addition time as long as the
tronsceiver!s flip-flop remains in the abnurmal state. Each CPP then cycles
the ring 1 stage. In this section, the program ring and its effect on associa-
ted gztes and flipeflops are discussed (see Table 7-1 for = summary).

During the first addition time of a function tazblc program (i.e.
while the ring is in stage -3), gate J48 is opened so th:t the next CPP (after
the one received by the transceiver) can pass through it and then out through
whichever of the gates H{46) or H(47) is open as the result of the setting of
the argument clear switech to NC or C respectively. This pulse is the one re-
ferred to in Sec. 7.1.2. as the NC or C pulse,

Simultaneous with the trensmission of the C or NC pulse, the program
ring cycles to stage -2, During this addition time, the second of the program,
a signal from stage -2, opens gotes D42 and H42, the gates to the units and tens
place argument counters to allow the argument to be rcceived in the argument
counters,

In the third addition time a signal from stage -1 2llows O, 1, 2, or
3 (depending on the setting of the operation switch) pulses to pass through
gate EL2 and be delivered to the argument counters so as to correct the argu-
ment to the value specified by the operation switch setting (see Sec, 7.3.2.)

During this addition time, too, gete F47 is open so thzt the 1' pulse trans-




TABLE 7-1

CHRONOLOGICAL OPERATION OF THE FUNCTION TABLE'S

PROGRAMMING CIRCUITS

%dd , Time | Stage of

Vil - 10

—————— |

¥

| Program EVENT
i Rin X
End of
0 ! -3 1} Program input pulse is received
1 | =3 1) Signal from stage -3 gates CPP through gate JiB. Output
| of gate J4B gated through gate HL6 or gate HAT by normal
i ly positive output of trensceiver's flip-flop is emitte
; as C or NC pulse,
! 2) CPP gated through D, E, or F4L9 cycles program ring to
i stage =2,
2 i -2 1) Signal from stage -2 opens gates D and HL2 so that
: i argurent can be rcceived in argument counters.
: ' 2) Program ring eycles to stage -1,
3 i -1 1) Signal from stage -1 opens, gate E4L2 to allow the argu-
' i ment correct pulses to pass through to the srgument
f counter for uniks place.
! 2) Signal from stage -1 gates 1'P through gate F47, Out-
; put of gote F47 sets argument flip-flop.
! 3) Program ring eyeles to stage 0,
; A 0 i 1) Signal from stage O gates CPP through gate GLB. Output
l of gate G48 gated through gate ELT or gate EL6 by
! normally negative output of transceiver's flip-flop sets
Add or Subtract flip-flop respectively.
i l 2) Program ring cyeles to stage 1
5 1 | 1) Signal from 4 or S flip-flop in the abnormsal state
; allows 1, 2, 2', 4 and 9P to pass through certain of
| the pulse pgates to provide the function table with the
! , pulses for the functional value,
; | 2) Progrem ring cycles to stoge 2 unless the repeat switch
: is set at 1.
! . . .
l L +r T 1) Functional value is transmitted for the rbh time,

2) Signal from stage r of the program ring passes through
point r on the repeat switch to gate 62 in the trans-
cciver, Signal emitted by gate 62 gates CPP through
gete 68 to provide a reset signal for the transceiver
and a program output pulse,

3) The signal from gate 62 also gates a CPP thruugh gate
C48 to provide a reset signal for flip-flops B, C, and
D46-17 and gates a CPP through gate B48 und gate A48
which clears the program ring to stage -3 and the argu-
ment counters to zero,
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mitted in this addition time is allowed to pass and thus to flip flip-flop
B4L6--47 into the abnormal state, This provides a negative signél to turn
off the tubes marked Bll and B, C, ,., L1 and thus to allow the argument
dnput gates to set up in accordance with the number registered in the argu-
ment counters, Flip-flop BL6-47 is referred to as the argument flip-flop
and its operation is correlated with the argument neon on front panel 1 (see
PX-7-305).

During the fourth addition time the argument selector gates finish
setting up, In this time, too, a signal from stage zero, opens G48 so that
the next CPP can be passed through it (at the time of the fourth CPP after
the one received by the transceiver), The pulse passed through gate G48 then
passes through gate E46 or EL7 (El6 is open if the operation switeh is set at a
subtract point; E,7 is open if the operation switch is set at an add point) thus
(in the fifth addition time) flipping the subtract or add flip~flop respectively
into the abnormal state, The subtract and add flip-flops control the trans-
mission of the complement of a function and the function respectively (see
Sec, 7,4.). These two flip~-flops are correlated with the add and subtract
neons on PX=7-305,

In the fifth addition time the program ring is on stege 1. In this
addition time and in every subsequent one until the transceiver's flip-flop is
reset, the functional value which has been iooked up is transmitted. The
stages from 1 to 9 of the program ring are correlated with the points 1-9
respectively on the repeat switch, Whgn the program ring reaches stage r,
the number set up on the repeat switch, a signal from stage r passes through

the repeat switch and opens the transceiver'!'s reset gate (62). This results
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in the activation of the function table's clear cireuits so that the ring is
cleared to stage -3, the argument counters are cleared tc zero, and the three
programming flip-flops nentioned above arc resct by the next CPP, The opening
of the reset gatc also results in 2llowing the next CPP (i.e. the (4++)th after
the one that stimulated the program control) to pass through gate 68 and then to
reset the transceiver's flip-flop and to be transmitted as a program output

pulse,
7.3. NUMERICAL CIRCUITS

7.3.1. Storage: Portable Function Table, Master PM Switches, Digit Delete and
Constant Digit Switches, Subtrzect Pulse Switches.

The functinn table cen be set up to store 104 entries each consisting
of 20 digits, and 2 signs., Twelve of the digits, veriable from entry to entry,
are tabulated on the switches of the portable functiom table, The remaining 8
gigits must be constant throughout the range of the zrgument, These are set up
on the constant digit switches, The signs may be either varicble or constant,
Function ~utput terminals A snd B on panel 2 are each responsible for the trans-
mission of 2 sign, 4 constant digits, snd 6 variable digits (see Table 7-2).
Whensver the function table is stimulsted, information is emitted simultaneously
through both function output terminals,

The function table permits great flexibility in the way in which it
is set up and used, One sign and ¢#s many &8s 20 digits may sometimes be used
for a single function, The 2 Rl's, ovne with k and the other with 20-k (where
0 £ k 4£20) digits, can bec usad for 2 functions, As a matter of fact, more than

2 signed functions can be stored by setting up numbers zero 2nd nine for sign
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indication P and M respectively on switches ordinarily used for digits provided
that these switches are nct required for digits. Of course, in cases where the
digits for a single function are transmitted through both function output ter-
ninals, it mey be necessary to use adaptors, shifters and/or deleters in order
o receive the functionzal value properly lined up in another unit.

The portable function table is arranged with 26 rows ana 28 colunns
of switches cn each of its 2 faces., Each face, thus, has the switches for 52
entries with the 14 colunns »f switches for 26 entries appearing on the left
half of the face.andiiﬁgg the succceding 26 entrics on the right half, The sign
and 6 digits sct up on the first 7 switches (at the left) are emitted over terminal
A; the next 6 digits and sign, over terminal B {see Table 7-2). Positive function-
al values are set up with sign P and the digits for the absclute value of the
functicn., WNegative values are set up 25 complements, i,e. with sign M and the
digits for the absoluté value subtracted from some power of 10,

The adjective "woriable" is used to describe the type of function
table discussed above in which the volues of the function are set up menually
on switehes and which, with changed switch settings, con be used for storing
different funetions on diffecrent occusicns, At present, one variable type is
used with cach functiocn table unit. As the neced arises, perteble funetion tables
of the fixed type in which the pottern of connections is permencntly wired can be
constructed and used in place »f the fixed type. Such = permanent table would
have the advantages of always being available for use without the necessity for
tearing down a function already set up on switches, of bceing less expensive to

build, and of being considerably smaller in size than the variable type.

Master B! switches 1 and 2 on panel 2 (see PX-7-303) of the funecticn




TABLE 7-2
FUNCTION OUTPUT TER{INAL LEADS 4AND ASSOCIATED SWITCHES
iLead hssociated Switches for Terminal A issociated Switches for Terminal B
Py Master PM Siiteh 1 and Portable Function Table “faster PM Switch 2 and Portable Function Table Switch
Switeh in Column 1 in Calgmn 14
i 10 Af constant Digit and Digit Delete Switches il ; Constont Digit and Digit Deletes Switches Bi,
% 9 Constant Digit and Digit Declete Switches A3 J Constant Digit and Digit Delete Switches B3
+ !
3 8 Constant Digit and Digit Delete Switches a2l | Constant Digit and Digit Deiete Switches B2
i ; i'.
» 7 ! Constant Digit and Digit Delete Switches nl it Constant Digit and Digit Deletce Switches BL
! ] !! i
6 ' Portsble Function Table | Subtract Pulse Switch #l0j! Porteble Function Table Subtract Pulse Switch B10O
i Switch in Culumn 2 ' ' Syitch in Column 8 .
i : ¢
i 5 Portable Function Table , Subtract Pulse Switch 49 q! Portable Function Table | Subtract Pulse Switch B9
{Switch in Column 3 - Saitch in Column 9 »
4 {Portable Function Table Subtract Pulse Switch 4«8 j Porteble Function Table Subtract Pulse Switch B8 !
; Switch in Column 4 | Saitch in Column 10 ___ i
3 |{Purtable Funeticn Table Subtract Pulse Switch A7 . Porteble Function Table Subtr:ct Fulse Switch B7
, Switch in Column 5 ' Syitch in Column 11
i 2 jPortable Function Table Subtract Pulse Switch »b | Partable Function Table Subtract Pulse Switch B6
Switch in Column 6 ' Switch in Column 12
1 {Portable Functinn Table Subtrnet Pulse Switch a5 | Portable Function Table Subtract Pulse Switch BS

1Switch in Column 7

- Svitch in Colunn 13

T - IIA
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table are assnciated with the PM leads »f terminzls 4 and B respectively,
These switches have the positions P, M, and Teble, If the sign to be emitted
over one of the terminals is constant throughout the range of the teble, this
constant sign m2y be set up on the assoclated master PM switch instead of on
the 104 PM switches of the portable function table, Fur a sign varying from
entry to eﬁtry however, the zppropriaste sign is tabulated in the PM column of
the portzble function tsble with each entry znd the corresponding muster PM
switch is set at Table,

For each of the 8 decade plrces which c~n be filled with 2 constant
digit, there is a digit delete switch with the positions "delete™ and "on! and
an associated constant digit switch with the positions 0, 1, ..., 9, PMl, and
M2, (See Table 7-2 for the decade plzce lesds associated with these switches,)

With a digit delete switch set at delete, no pulses are transmitted
over the decade place lcad associated with the delete switch, With a delete
switch set at :n und thc associated digit switch at d {where O &4 £9), d or
9-d pulses are transmitted over the correlated decade place lead according as
additive or subtractive transmission respectively tzkes place. With a digit
deletc switch set at '‘bn"and the assoeiated constﬂﬁt digit switch set at RMl
or PM2 the sign pulscs enitted respectively over the sign lead of the A or B
function output terminals sre dupliczted on the correlsted decade place lead,
This is true

Awhether the pulses emitted over the sign lead are those spscified on a portable
function table B! switch or on the mester PM switch,

When the functisn output of a terminal is to be received in an accu-
mulator with the veriable digits in decade plzaces at the right and with no other

information provided for b (where 1 $b £ 4) decrde places at the left (such as
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constant digits or_digits fron 2ancther functinn cutput toerminals), and when some
or all function values emitted nsy be neg-tive, the PM1 or PM2 setting of b of the
constent digit switch provides a mesans of filling these decnde places 2t the
left with the nines needed to represent o negative number, If sll entries
agsuclzted with 2 function cutput terminal are tabul:zted as either po;itive or
negative numbers (i,e, with the naster Pd switch set ot P or M), the same end
ney be rchieved by setting b constsnt digit switches 2t O or ot 9 respectively.
(Sea Table 7T-3 which follows the discussion of the subtract pulse Switches).

The digit delete switch correlated with = decade place lead is set
at delete when it is desired to letve o doende ploce completely blonk ¢s is re~
quired, for cxemple, if a varicble dipit from another function output terminal
is to be inserted in that place,

The subtract pulse switches » and B 5-10 heve the positions O and S.
If a2 subtract pulse switch is set at § when subtractive tronsmission takes
place (see See, 7.3.3.), thc 1'P is emitted over the decade plzce lead associated
with the switch (see Table 7-2) to meke 2 10's instead of & 9's complement,
Complements with respect to 9 arc emitted in the decade place leads usswuciated
with subtract pulse switches which are set at O (see Sce, 7.3.3.). In the usual
applications of the funetisn table, =t most one of the a4 and/or oﬁe of the B
subtrzet pulse switches would be sct ot S, There is, however, nothing in the
design of this unit to nreclude setting a grester number of these switches at
S if the <perator so desires,

7.3.2. Input t> the Portable Function Table: arpument Counters snd Table Input

Gates,

f

During the second addition time of a progrim, the argunent is received
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ILLUSTRATIONS OF THE USE OF SWITCHES ON PuNEL 2 OF THE FUNCTION TABLE

LINE SETTING OF PORT:BLZ FUNCTION TaBLE SWITCHES |
x . P 123 000 395 642 M
o x+1 M 764 000 421 508 M

EXAHPIE 1

Setting of Constant Digit gwitches; (11l Digit Delete Switches set at "On'",)

AL &t PM1 B) at PM2
L3 at Rl B3 at M2
A2 2t PMl B2 at PM2
al at 3 Bl at PuM2
Subtract Pulse Switches:; .8 at S _B5 at S (all others at 0)
. Transnit For Mumber Emitted _
Arguaent Over Terminal s Over Terninal B
Add, X P 0 003 123 000 M9 999 795 642
Add, X+l i 9 993 764 000 ¥ 9 999 421 508
Sub, p3 ¥ 9 996 877 999 T 0 0CO_ 204 358
Sub, x+1 _POO006 236 999 . _ _ P O0CO 578 492
EXCIPLE 2
Sctting of Constant Digit Switchcs:
&3 4t 0 By at 9
a2 at 0 B3 at 9
al at O B2 at 9
Bl at 9

Digit Deletc Switch a4 set ot "Delete" (all others set at "On').
All Subtract Pulse Switches set at O,

T

Transmit Fur : Number Emitted
| arzunent Qver Terminal s Over Terminel B
Add, X P O 000 123 000 ¥ 9 999 795 642
add, x+1 W 0 000 764 000 9 999 4,21 508
Sub, x .i 0 999 876 999 F O 000 204 357
® Sub, | %+l T 0999 235 999 B0 00C 578 4oL
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in the funetion table's argument counters through the arpument input terminal
on front panel Y This terminal is so wired that UNITS .ND TENS PL.CE OF THE
ARGUMERT MUST BE RECEIVED IN THE FUNCTION TABLE Ol THE LE.DS FOR THE DEC..DE
PLACES 1 5KD 2 RESPECTIVELY., This may be provided for by placing 3 shifter st
the argument input terminal if arguments delivered to the funetion table will
always require shifting the same number of places or, if at varicus times there
will be different shifting requirements, by plucing shifters at the argunent
accunulator's digit input términals. The units and tens argunent neons an
front pinel 1 are correlated with the stages of the argument crunters as indi-
cated on PX-T7=305,

In the third addition time, the arpument stored in the argunent
counters is corrected by from O to 4 nulses chosen from the 1, 2, and 2' pulses

in accordance with the cperation switch setting, The argument counters are so

connected to the arsument or table input sates that if x is the number registered
in the arrunent counters, the table input gate for argunent x~2 sets up (during
the set up perizd from the middle of the third addition time through the fourth).
Thercfore, if the vperation switch is set at ~2 no correction pulses are zdded
to the argunent counters; if the opcorution switch is set at -1, one pulse is
added.to the number set up in the argument counters, cte,

The table input gotes consist of 104 gates (each connected to a line
of the portable function table corresponding to & value of the argument between
-2 and 101). KEach table input zate hes as one of its inputs 2 signal from a
stage of the units argument ccunter and as its other input & signal from a stage
of the tens counter., ihen the zrgzument counters receive the argument 2 fron the

arzunent accurwlator and the operstion switeh of the eontrol which has been

#The argument inout terminal on the function table, like the digit terminals
on accunulators, has 12 points, Only the leads for units and tens place,
however, are operative,
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stimuleted is set ot i (1 = -2, -1, ,,,, +2), table innut gote a + i emits a
signal to line a + 1 of the portable function toble,

7.3.3: Funetion Output

The funeticnoel values transmitted from the » and B output terminals
on panel 2 arc compounded out of the 1, 2, 2', 4, and 9P, These pulses afe
admitted to the function table through the 1, 2, 2t, 4, and 9P gates., The
pulses passed through these gates are delivercd to the table output gates, the
constant dipit switches, and the mester PM switches, The getes and switches
nmentioned above allow appropriate numbers of pulses to reach the .. and B out-
put circuits which include standard transmitters (see PX-7-304) and the digit
output terminals on front panel 2,
7.3.3.1. Transnission of Information Stored on Porteble Function Table Switches,

hAssociated with each of the 12 digit eolunns of the portable function
table is a column* of table outnut gates fﬁr digits. Each of these columns has
10 gates, one for each digit from zern to 9 inclusive, .. peir of PM table out-
put gates, onc for sign P and sne for sipn M, is associated with each of the 2
sign colunns,

One input to the table cutput gotes for digits comes from the circuits
containing the 1, 2, 2!, 4, wnd 9P gates, These lztter gates are so controlled
by the add.and sub. flip~-flops (see Sec, 7.2.) and so connected to the table out-
put gates that when additive transmission takes plzce (and the add, flip-flop is,
thus, in the abnnrmzl state), d pulses reach the table osutput gates correspond-

ing to digit d; when subtractive transmission takes place (z2nd the sub flip-flop

*The block diesgram »f the function table shows the table nutput gates rotated by
90° from their actual position in the function table where they are arranged ln
rows. Refer to the cross section diagram for the position in the function table
itself,
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is, thus, in the abnurmal statc), 9-d pulses reach the table output gates cor-
responding to digit d,

The signal from the table input gate corresponding to argument a+i,
routed through the 12 digit switches on line a+1, holds open the table output
_gates corresponding to the digits set up on the line s> that the pulses delivered
to these gates from the 1, 2, 2', 4, and 9P gstes can pass through,

The tran;mission of sign indicstion stored in the sign columns of the
portable funetion table is accumplished similarly, The table output gate con-
nected to pvint P on the sign switches receives 0 or 9 pulses from the 9P gate
and the sutput gate connected to point M receives 9 or O pulses from the 9P
gate according as the add »r subtrzct flip-flop is-in the abnurmal state, The
pulses passed by one of the pair of table output gates for sign are routed
through "Table" on the associated moster Pl switeh to be emitted sver one of
the P leads,

With a master P switch set at P or i (instead of table) the sign
pulses emitted by one »f the table output gates for sign cannot reach the cut-
put circuit. The transmission of 2 constant sign set up on one of the master
P{ switches takes place in the £ollowing menner: The same number »f pulses
are delivered to the puints P and M respectively on the master Pi switches as
are delivered to the table output gates asswcizted with digits O and 9. Thus,
if a master PM switch is sot at P, zero or nine pulses are passed through this
switeh to the associated funetion output terminal's Pl lead according as addi-
tive or subtractive transmissi-n takes place, The czse where a master P switch

is set at M is taken care of sirdlarly,
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7.3.3.2, Transmission of Information Stored on Constant Dhgit Switches.

The 1, 2, 2'; 4, and 9P gates deliver d pulses (in additive transmission)
or 9-d pulses (in subtractive transmission) to the point d (where 0 {d {(9) on a
constant digit switch., Thus, if one of these switches is set at d, d or 9-d pulses
pass through it, then through the correlated digit delete switbh to the associated
decade place lead of a function output terminal;

The points FM1 and PM2 receive the pulses passed by master FM switches
1 and 2 respectively. In this way, a constant digit switch allows the same num-
ber of pulses as are transmitted over one of the PM leads to reach the decade
place lead associated with the constant digit switch,

If a digit delete switch is set at "delete", the circuit from the cor-
related constant digit switch to the associated decade place lead is interrupted
so that the pulses which arrive at the constant digit switch from the 1, 2, 2, 4,
and 9P getes or from the master PM switch cannot reach the function output ter-
minals,
7.3.3.3. Role of ﬁhe Subtract Pulse Switches _

The subtract flip-flop controls the gates A' and B' 64 so that these
gates open to pass the 1'P when subtractive transmission takes place, The out-
put of gates a' and B! 64 is routed through the subtract pulse switches set at S

to the associated decade place leads of the function output terminals.
7.4, STORAGE OF PROGRAMMING DATA BY :EANS OF THE FUNCTION TABLE

When only a part of a total function table storzge capacity (3764

variable digits and 624 variable signs for the 3 function tzbles) is required for

the tabulation of numerical data, the remesining storage capacity can be used es
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memory for programming instruetions. This can be done either with a function
table operating in the same way as deseribed in Sec, 7.3. when numerical functions
are stored and transmitted or, more conveniently, with a small change in the
circuits containing the 1, 2, 2', 4, and 9P gates,

First, let us consider the use of the unmogified function table for
programming memory, 38upposc there are, say, 14 diffoerent programs (Pl - Plh)
ons or more of which arc to be stimulzted =zt various times in a2 computatiocn,

We could then assign one column on & portable function table to each of the 14
programs and assign one line of the portable function tazble to cach oceasion

on which it is necessary to make a choicc as to which of the 14 programs is or
are to be stimulated, Then the switches on a given line of the portable function
table are set at P or 0 in the columns corresponding to programs which are not

to be stimulated and at M or a number different from zero in the columns corrcs-
ponding to programs which are to be stimulsted. An accumulator is set aside to
store the argument for the funetion table,

Now, when choice of program is required, a program pulse is sent to a
function table program control set up for additive transmission, In the fifth
addition time following the program input pulse, digit pulses are emitted over
function output terminals in thc decade place leads corresponding to switch
settings different from P or zero. At the end of the fifth addition time a
program output pulse is emitted. The digit pulses are tzken through adaptors

and
at the function output terminals to lines inprogram trays,then to dumny progroms

for conversion to progrom pulses., The program output pulses of the dummy programs
zro taken to the program controls on which arc set up thosc of the 1h programs

which are to be stimulated (see Fig, 7-1). The function table!s program output
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pulse can be token to a program control of the accumulator containing the
argument which is set-up for a "receive -C" program in order to inecrcase the
value of the argument by one.

In the example shown on Fig., 7-1, &«1ll 14 columns of switches on a
program table are devoted to the storage of programming information. With the
function table in its unmodified form, however, there is no reason why some of
the columns cannot be used for numerical data snd others for programming data
(see Sec, 7.5.3.).

The disadvantage inherent in using the function table in its unmodified
form to store programming information is the necessity for expending dumny pro-
grams to convert the digit pulses emitted from the funcﬁion output terminals into
program pulses (sce Sec. 4.5.2.). With only a small amount of labor the function
table can be adapted so that program pulses are transmitted from the funetion
output terminols instead of digit pulses, The simplest way to make this change
is to disconnect the 9P gates (B' and L'4) from the line in the synchronizing
trunk which carries the 9P and to connect these gates, instead, to the line
which earries the CPP, This mey be done by mean§ of an adaptor at the point
where the synchronizing cable plugs into the back of panel 2. No wiring changes
are necessary, The required adaptor is shown on PX-4=119, If this change is
made, when the function table transmits additively, 5 CPP is enitted over the
decade place leads corresponding to portable function table (or even constant

digit switchea) set at either M or 9, Notice, these CPP are emitted from the

function table at the end of the fifth addition time, As always, no pulse of
any kind is cmitted over a decade place lead whose corresponding switch is set

at P or O, In this way, the necessity for converting digit pulses into program
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pulses is nbviated, The pulses emitted from the funetion output terminals ean
be taken directly to the prograa controls on which are set up the various pro-
grams anong which a choice is made,

It should be noted that & numerical function cannot be set-up along=-
side of programming data on & given portable function table when this modification
is made unless the function is pathologic t6 the extent that its tabulated vzlues
never have the digit 9 or sign M,

Th2z use of a modified function table to store progrémming information
is illustrated in the problem described in Sec, 8.7,

In connection with this discussion of the role of the function table
as programming memory, mention might slso be mcde of the faect that the funetion
table's progranm cohtro}s provide & convenient way of delaying a program pulse
from 5 to 13 additi»n times, This use of the function table is also involved

in the illustrative problem of Sec, 8,7,
7.5. ILLUSTRATIVE EX4MPLES OF THE USE OF THE FUNCTION TABLE IN INTERPOLATION

The function tables have been designed so as to make them perticularly
well suited for interpnlation, One or more function tables or parts of them can
be used to store the values of a funetion, The coefficients of the vzrious terms
of the interpolaticn formula used may either be stored in & function table or may
be gene?ated as needed by nmeans of accumulators and the high speed multiplier.
Various types of interpolation formulas can be emplbyed with ease, There seens,
however, to be a small adventage in using the Lagrangian formulas which involve
functional values rather than formulas whieh involve differences since a pair

of accumulutors rust always be tied up to find a difference unless storage space
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in the function table is used for the tabulztion of differcnces,
In set-up tables, thc following symbols are used for the function
tables.
. 1) On thg first level i-j refers to the program input pulse,
: and to the program control number,
2) On the second level, ‘
1st symbol (A or S) followed by a signed number (-2, =1, ...,
or +2) is the operztion switch setting, |
2nd symbol (C, NC, or O} is arsument clear switch setting,
3rd symbol (1, 2, ..., or 9) is rcpeat switch setting.
3) On the third level, at the right of the arrow tip i-j refers to
the progrom cutput pulse, .
When the function table is used for the storage »f programming information, the
. : connections from the decade place lesds of the function output terminals to pro-

gram lines are noted along the srrow from the second to the third level,

Thus, the symbol

4-3 ®

A-2 NC 1
B(PM)I to 7-8

*L bl

is interpreted as follows: The program pulse carried on lines 4-3 stimulates

program control 5 so that the function table transmits f(2-2) once, The NC
. pulse stimulates transmission of the argument., Program control § emits a pro-

gram output pulse to liqe 4-4, The output »f the PM lead of function output

terminal B is taken through an adaptor to program line 7-8,

. diagranms,

Figure 7-2 shows the conventions used for the function table in set-up
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7.5.1. Quadratic Lagrangian Interpolation
In the following pages a set-up for quadratic Lagrangian interpolation

for equal intervals is suggested, The interpolation formula is given By

£ (x) = Z c(i)(xz.xyxh) ofy (xg,x1)

i=-1,0,1
i
where S 1-j
2= Z_x] °*10 and 0 x €99
Jj=0
and where £y (xg; xl) -1 (xo, x ¢ i)
L
. 1-J
Even though it is cumbersome, the notation x -2._ xJ *10
j=0

is employed because it is useful in indicating the shifters and deleters
required in certain phases of the problem,

The computation is described with the aid of Table 7-4, in whiceh the
set-up of the units involved is formulated, and Figure 7-3, which shows how to
set up the units to carry out the instructions given in Table 7=-4.

The values of c(o) and C(l) are stored in function table 2 in such a
way that the former are emitted over the lines for decade places 1-6 of terminal
A and the latter, over the lines for decade places 1-6 of terminal B, These
coefficients are stored at intervals of 0.0l for x, , 1071 « X3 . 1072 starting

with zero and ending with 1,00, Linear interpolation is used to find Ci (xz,x3,xh).

The symbols Cg“. C?) , and Ac(i’) will be used as follows:
(1) (1)
CO =C (xz,xB,O)
(1) (1)
, G =C (x5, x5+1,0)
1) @) @)

AC 'Cl -Co
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Thus, d(lex , ‘B’xﬂ) is given by the formula

2
1)
- _ - (1)

’ 10
(«1) .
C - has not been tabulated in a function table since it can be found

readily from the relationship
G IR ¢ §)

i=0,1"
0] 1 -1
C( ) and C( ), rather than a pair including C( ) were chosen for tabulation

on the portable function table to save a small amount of tabulation labor,

For the range zero to one inclusive of the independent variable, C(o) and

C(l), are both positive and have zero and one 2s their minimum and maximum

values, Therefore, sign indication need not be tabulated with each entry

but may, instead, be handled by setting the master PM switches to P, The co-

efficient C('l) has as its maximum value on this renge of the argument, zero,

and, as its minimum -0,12500, Were C(‘l) tabulated, all entries would have to

carry sign indication (and the master PM switch would be set to Table) in spite

of the fact that the only non-negative functional entry is zero corresponding

to argument zero, It might at first appear that zero eoculd be tabulated as

M 0 000 000 000, but if we reeall that M O 000 000 00O astually represents

101° .+ P 0 000 00O 000 it ecan be seen that this procedure would be inecorrect,
C(l) and C(O), then, are tabulated on the portablie function table

~ associated wiﬁh function table 2 on sides A and B respeetively., Six decade

places are used for.each coefficient with the units place digit tabulated in

tlic column for decade place 6 and the various decim2l places (tenths place, etc.)

aceipying th romaining deeade places, 5 through 1, The digit delete switches

el = AL and B4 - Bl are set to "delete!" since there are no digits constant through-
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out the range of the argument for either C(o) or 0(1). Since the coefficients
C(i) find their way ultimately te the multiplier, it is desirable to have them
located as far te the left as possible, The digit output of function table 2
is, therefore, shifted four places Fo the left before its reception in an
accumulator, The shifter is designated by the number 4 in a box denoting a
digit input terminal on Figure 7-3,

The function f(x) is tabulated on the portable function table associated
with function table 3, It is assumed, here, that only 6 variable digits are
tabulated for this function and that these occupy the switches for decadé places
1-6, Since fj (i= ~1, 0, 1) too, enters into multiplications, the function out-
put of function table 3 is also shifted 4 places to the left before its reception
in the ier accumulator,

Accumulator 18 serves as the argument accumulator for both function
tubles, This set-up assumes that x is stored in this accumulator so that x,
occupies the fifth decade place, A =1 shifter (which shifts a number one place
to the right) is used at the argument input terminal of function table 2 to
place x; and x3 respectively in decede places 2 and 1 of the input and a -3
shifter is used 8t the argument input terminal of function table 3 to plece x,
and x; respectively in the proper decade lines of this input,

Detailed descriptions of the programs involved in the interpolation
are given in Table 7-4, We wish, however, to eall attention to the procedure
uned for stimulating the reception in an secumulator of functional values trans-
mitted by the function table., Congider, for example, the programs involved in

{
looking up —C‘g)

¢ In zddition time 12, program pulse 1-6 stimulates function
o)
t~ble 2 to look up -C(O). Accumulator 17 is to reeeive this funetional value

when it is emitted during addition time 16, To provide for this reception, we
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take advantage of the fact that another program commences at the same time
that function table 2 is stimnlated, the program in which accumulator 17 trans-
mits iLs conterts to the wuliiplier, Even though only 1 transmission is re-
quirad, the repeat zwiteh on sciirol 5 of accumulator 17 is set at 4 so that
at the erd of =diiiion time 15 there will be a program pulse afailable to
stimulate the rercpiion of mc(g), This procedure saves the use of a special
dummy program to celry & pulse until addition time 16,

The use of the high-speed multiplier in this computation is also
worthy of note. During addition times 12 through 17 and 22 through 27 the
multiplier is occupied in forming products required in the linear interpolation

)
for C(l’

and C(O) respectively, For each of these multiplications, the signifi-
cant figures switch is set at 6, In view of the accuracy of the ier and icand
and their positions in the ier and icand accumulators, the last significant
figure of the rroduct occurs in the eighth place from the left, These products,
however, are added to numbers stored in ¢ither accumulator 16 or 15 which have
their last significant figure 6 places from the left, The products referred

to above are, therefore, rounded off to 6 significant figures and passed through
deleters which delete deczde lines l-4 (counting units decade as 1) before re-
ception in accumulator 16 or 15, This deleter is designated by d 1-4. Thus,
ne (0)

by addition times 18 and 28 respectively, and C appear in accumulators

16 and 15 respectively corrcet to 5 significant figures with the last significant
fig'ae appearing in decade § (from the right).

The products I, . G(i) (for 1 = 1, 0, -1) are formed during addition
wlaee 28-37, 33-47, and 4K-57T respectively and are retained in accumulator 12

(1) will in general not

"cr collentinn to “orm £{x), Since the coefficients C
exceed 5 significant figures, these products, too, will have no more than 5

significant figures with the last significant figure appearing in the sixth
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decade place from the left due to thq positions of the ier and icand. Only the
pregram in which f; , c(l) is formed, calls for round off to 6 figures, however,
since the addition of five pulses in decade place 3 is required only once to
produce the correctly rounded off sum ef 3 products, For the other two multi-
plications £y . €and £ . ¢{™1), The significant figures switch is set at Uofem,
It might be of interest to the operator to notice that of the 57
addition timss required to carry out this quadratic Lagrangian interpolation
routine, all but 15 are used for multiplications, In general, the principle
that the number of multiplications involved in a computation determines approx-

imately the duration of the cemputatien is a reliable ene,

7.5.2, Biguadratic Lagrangian Interpelatien .

Biquadratic Lagrangian interpolation can be carried out in a fashion
similar to that described above for quadratic Lagrangian interpelatien with a
few minor alterations. The fermula for biquadratic interpelation is

2 .
£(x) ;_if(l)( "z’ Xy X)) o I3 (%9, X)

Here, as in the quadratic interpolation, ene of the coefficients need not be
tabulated since
2 (1)
Z2_C =1
i=-2

The four coefficients needed may, as a matter of fact, be tabulated

on one* portgble function table to permit interpolation for C(i)(xé, x3, xh)

#This assumes that six deeimal places for these coefficients will provide the
required accuracy, If greater accuracy is required it is probably preferable
to generate the coeffieients rather than use up two function tables for storing
them,
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from a tabulation of C(i)(xg, X3 @) since the C(l) need be tabulated only for
=1 _ - -
0<%, . 10 +x3.102$.51 .For0.5$x2.101+x3 .lO'J*L 1,

f(x; may be computed by backward interpolation using the formula

2(x) = 2 Cei:’(xé, xy ) (xg % +1)
i=2,ml,000,2

where

1 - -
x, . 10 +x§.102+xL.103=1—(x2.10'l+x3.10 + %, . 10)

If the coefficients chosen for the tabulation are 8(1)(for i=22, -1,

1, 2), they may be set up on the portable function table as shown in Table 7-5,

To produce Gél)and C&i) for 1 = -2 :0r 2 the function table operation

switches must be sot at -2 and -1 respectively, Before C(l)and 8(1), fori=1

0 1
or -1, can be looked up, the argument (x,_, x, ), or (x%, x%) if backward inter-
to 27 73
polation is used, must be correctedh5x2+5, x.) or(xé +5, xa). The eperation

(4

switches used in the programs of looking up C and Cii), for i =1 or -1,

0
must be set at zero and 1 respgetlvely,

If the suggested method of tubulating the interpolation coefficients
and of carrying out the interpolation is followed, obviogély two alternative
interpolation routines, a forward and a backward routing, must be set-up,

The forward interpolation routine differs from the routine for
quadratic Lagrungian interpolation only in that there are two additional product
terms £; . Cei) to be formed, The backward interpolation routine must cover the

use of the backward interpolation formula, the correction of the argument

(*b, %) to (Nh, i? +1) and the correction of the argument (x2, Xq» xh) to




TABLE 7-5

TABULATION OF BIQUADRATIC LAGRANGIAN INTERPOLATION COEFFICIENTS ON THE

PORTABLE FUNCTION TABLE

1

Argd A OUTFUT B OUTPUT .
Luaster A switch 1 set at P, Master PM switch 2 set at Table,
ecade places 1-6 used as shown PM place and decade places l-6 used
below, as shown below,
#—(-«2— — —_—
-2 c 200) = ,000 000 ¢‘®)(00) = « 000 000
_1 .. .I
=2 2) .
. 0 .&C(s .()323 427 - 039 h&gc( )‘ 0
(-2) ", (2) °,
49 C  (51)= ,023 427 C (51) = - ,039 464
(1) (-1)
50 c (00)= .000 000 - ¢ (00) = + ,000 000
51 " .
. (1) (-1) i
. 04C « .4BO 016 - 155 7674C" 4.0
(1) (-1) .
101 - € (51) = ,480 016 C  (51) = - 155 767
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(x:z, x;; xL). The criterion for which routine is to be followed is a magnitude
discrimination program to determine whether X, £5 or x2? 5, In the former
case, the forward interpolation routing is followed; in the latter case, the
backward interpolation routine is used,

The disadvantage of the method suggested above for biquadratic
Langrangian interpolation is that it requires a backward as well as a forward
routine, This disadvantage is eliminated iﬁ an nlternative method to be
described below,

For the purpose of this discussion, we will abandon the notation
used above and in section 7,5.2. Instead, x will be considered as x = n + h
where n is the integer closest to x and where -,5¢hg¢ .5, The number n, thus,

is an integer between O and 99 inclusive, In this notation f(x) is given by

2 2 |
Z; C(ieh) o £3(n) eor Z C(i)(h) o £ (n+i) ‘
i=-2 j=-2

To find n, the round off facilities of some accumulator are used
and the number x + 0,5 is formed., Then n is the tens and units digits of x + 0.5.
Now, the number x + 0,5 or n + k where k = h + 0,5 is stored in some accumulator,

Instead of tabulating coefficients C(l)

(h) then, consid:er tabulating
B(i)(k) = C(i)(h) for the range 0 & k € 1, where the coefficients B(i?k)=c(iek)
have tlzle following useful properties:
1) ZB(”(R) =1 and 2) B(—izk) = B(izl—k)

i=-2
We can then tabulate B(iek) for 0 £k <1 for two values of i. By properiy 2 above,
B(i)(k) for two other values of i can be found, 2nd the fifth value of B ean be

found by property 1,




7.5.3+ The Drag Function of the Exterior Ballisties Equations
When the ENIAC is used for the computation of firing tables, the

problem of tabulating the drag function (G) used in the exterior ballistics
equations is likely to require considerable thought due to the behavior of
this function in the region of the veloeity of sound